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FIG. 4-5 
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FIG. 4-3 
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ANALYZER BOARD 


FIG. 4-1 


PART NO 
1AGGG-GE15 


1666-0616 


1660-6616 


166G-8619 


1666-8826 


1660-8621 


1666-9622 


1G1 35-1631 


3010-8009 


7aes-Gaas 
FeGS-Seu4 


=acgayt 
Pad eam 
SDB = 'SE fl ENUATOR 

DESCRIPTION 
RES-FED1GS. 7, G1 41/°Sb MF 
Rz5. 28 
RES-FED 1185. @. 4% 41/W MF 
R59, 62 
RES-FXD 371.3. @.41% 1/°3W MF 
R41.44, 47. 56, 53, 56 
RES-FKD 79. 9, GAM 414 MF 
R57. 53. 6G, 61 
RES-FXD 91.65. G.4% 44 MF 


R2S, 44,42. 472, 45, 46, 46. 49, Si, 52, 54. 55 
RES-FRD 144.4, G14 14h MF 
RES. $4. 26. 27 

RES-FeRD 154 4 Go 1% 14 MF 

REzS-66 

RES-FXD 6. SiK 1% 1/8 MF 


Ree. 62 
SWITCH-ROTARY 
SS 

WIRE-BUSS 
WIRE-BUSS 


yo 
to] 


AWG 
22 AWG 


5-10 


171e 16DE 


STEP 


QT'yY 
2 


iM 


CBA fF ima—-zeogs 
ASS. Ba ADS —STErF ATTEMUATOR 
PURCHASED FARTS 


CBA FiAe—-tzoeoa1rs 
ASS. Me Lee SSleeg 
PURCHASED PRRT= aty 


PART NO DESCRIPTION aty PART NO DESCRIPTION 
11@6-@01G RES-FXD 16 5% 1/4W 4.@ 1015-9127 RES-FXD 127. 1% 13H MF 2.4 
R2-6 Ri. 2 
2046-G0GG CAP-FXD G@. G1UF 1@@V CERAMIC @@ 1015-G@127G RES-FHD 13, 1% 1¢°8N MF 2. a 
3@15-@01G SWITCH-PB. 1@PDT P-P GORN IND. 1.8 RZ. 4 Mu 
S23 1@15-Gizz  RES-FKD 133. 1% 1¢°8W MF 3. a 
7@58-G0G2 CABLE-2 COND. SHLD. WHT. BLK-WHT 3.8 FT RS-?7 
8520-9004 SCREW 4-46 * 1¢4 POZI PAN HD 2@ 1615-01237 RES-FHD 137. 1% 1/8W MF 2.@ 
8522-0661 LOCKWASHER-EXT #4 2.8 RS. 9 
@176G-5G22 PC BOARD-NETER SWITCH 1.6 23@19-@6G7 SWIITCH-ROTARY 1714 .1DB STEP AG 
Bi1F1.e—{Seae00q] 2 Si 
ASSy—Pc. SALANCED AMPLIFIER eaLri1AaA—=zace00a5 
PURCHASED PARTS Assy. VERN IER ATTENUATOR 
PART T . Fur CHA 2 =a ; 
pons. patel att ae SI Ma @PART NO Le el apes fo} pas He ee 
Gi, 4, 5, 3 a ~ UJ oa ’ . f) oe ig 
a Ce —INOD- S ~ * 
eget keses UAE Zr isisith NEN sat 4.9 j4ga-ag14 RES-VAR 1K 10% CARBON TYPE UW 1a 
- 4 é RiLG 
i = > A = 2 
ee a gk ae Be SAUER a Cis Nal ai hel 2.8 sa1a-Ga12  RES-VAR 2@K TRIMPOT, STANDUP 41.4 
. aed ads e c . Ri2 
i lt bees a ed ve 12.8 gis746-5005 PC BOARD-VERNIER ATTENUATOR 1.08 
OS ie aio : ALF 14a—-zoo0oo0o6 
@26@-G9GG ODIODE-GEN 1NS14A SI gga 1. O@qgcoy, ADE STEFF ATTENUATTOR 
CRiA7 PURCHASED FARTS 
@265-00G3 DIODE-ZENER 1N743AH 4. 2¥ 4. OPART NG DESCRIPTION at? 
CR1.2.9,.18 1905-6016  RES-FKD 16.9% G 25% 18H MF 4.4 
G@205-9905  DIODE-ZENER 1N4744 15V 10% 4.0 RZ5 
CRA7-28 1685-9624 RES-FXD 24.3, 6. 25% 1S MF 1.98 
1Q@05-1222 RES-FXD 2. 32K 1/8W 0 25% MF 2.8 R27 
R12, 25 4Q9G5-9027 RES-FXD 27.1. @. 25% 1/3 MF 1.9 
1GQ5-1442 RES-FED 4. 42K G. 25% 18H MF 1.6 R2= 
R24 1GG5-GG4=z RES-FED 42.7. @ 25% 1-GW MF 1.4 
1665-4562 RES-FXD 5. 62K @. 25% 18h) MF 4.9 R29 
Rii 1865-8661 RES-FRO 61.9. @. 25% 1°@W MF 1.6 
1965-2160 RES-FXD 19K @. 25% 4/8h MF 2. a R24 
Ri-14 1@@5-G@71 RES-FXD 71.5. @. 25% 1/8h MF ia 
41G@-@8G2  RES-FXD 2.7 5% 14W 4.0 REL 
ee 1G@5-G113 RES-FXD 143, @ 25% 1/8H MF 1.6 
1166-0019 RES-FHD 16 5% 1-4 2.8 RIG 
R27, 28 196@5-9126 RES-FXD 126, @ 25% 18H MF 1.4 
1168-0015 RES-FXD 15 5% 174U 4.4 R28 
RS, 9,18. 2 J@G5-G12G RES-FXD 126, @. 25% 1/8W MF 1.6 
1196-0566 RES-FXD 56@ 5% 1/4uW 4.6 Rig 
R49. 1% 2t 18G5-G142 RES-FRD 142. @. 25% 1/8H MF me 
1166-1180  RES-FXD 1.8K 5% 1-4u 4.6 R26 
R2, 7, 15. 26 4095-9158  RES-FXD 158. @ 25% 16H MF 1.6 
1198-2186 RES-FKD 18k 5% 1-4 2.08 R24 
RZ, 16 1485-6178 RES-FED 172. @. 25% 1S MF 1.6 
1416-4011 RES-VAR 260 TRIMPOT CERMET 1.6 R22 
R12 1GQ5-8260 RES-FED 248 @. 25% 18h) MF 1.6 
2008-9616  CAP-FXD 16PF 5% 5e@qaVvV MICA 4.@ R26 
ce 1Q@G5-G22% RES-FXD 223, G. 25% 1S MF 1.94 
2066-8656  CAP-FXD SG6PF 5% S@@vV MICA 2. a Rie 
Cl, & 1605-6243 RES-FKD 243. @ 25% 1-83 MF 1.6 
2666-8106 CAP-FXD 1G6PF 5% Sa@ayv MICA 2.6 RIF 3 
ce. 3 10@5-@252 RES-FXD 252, @. 25% 1/8 ME 4.4. 
2848-4802 CAP-FKD @. 1UF 257 CERAMIC 4.G RLS 
C2-5 Ae ae Pe sv ay i 
2adea-—Gaaz CRP-FRD @ 1UF 25¥ CERAMIC aL fs 1805-G28a8 RES-FD 286, @. 25% 16H MF 4. G 
cig Ri4 
3266-96090  COIL-FXD 2. 2UH 2.6 RIS “ 
L4,2 19G5-@665 RES-FXD 665. @ 25% 1/°8W MF 1.8 
3496-8990 RELAY-2 FORM C aa4 4.0 R12 
KA 1965-8926 RES-FXD 92@. @. 25% 41/8 MF 1. 
3696-8886 HEAT SINK-ROUND FINNED TOS 4.9 R32 F Mig 
720G-G06G WIRE JUMPER-G. 4 CTRS, PVC INSUL 4.@ 2618-0088  SWITCH-ROTARY 1716 106 STEP 1.6 
7269-G@661. WIRE JUMPER-@. 2 CTRS. PVE INSUL 2.08 52 
@1766-5619 PC BOARD-BALANCED AMPLIFIER 1.6 


PART NO DESCRIPTION 

4196-2564 RES-FED SEK SH 4-4u 1.8 
RIF 

4196-23910 RES-FXD 910K 5x 14h 1.8 
Rid 

2606-9065  CAP-FXD SPF 1a S@@y MICA 2. a 
C116, 118 

2@6@-8812 CAP-FKD 12PF 5% S@qv MICA 2.8 

3G16-9066 SWITCH ROTARY, INPUT 1716A 
Si 


Ctra Ss Soon = 
ATTEoMUATOR ALSSere.'y 
PURCHASE FART =. 


Lire 


QTY PART NO 


3165-6681 
3156-005 
3156-90607 
4600-8001 
2548-8668 
8542-80661 
8542-caae1 
3720-0068 


pe gee 


DESCRIPTION 
SOCKET-IC 14 PIN DIP 


IHSULATOR- TO-3 TRANSISTOR 
INSULATOR-—TRANS. T@-=2 NYLON 
HEAT SIMK-TOS 
SCREW 6-22 *% 1/2 POZI PAN HD 
LOCKWASHER-EXT #6 
NUT-HEX 6-32 % 5716 
TERMINAL-BIFURCATED. SWAGE-IN 
PC BOARD-POWER SUPPLY 

[ Sa fl 0 


Mt Kae Se 


Suir. 


ANALYZER 


PURCHASED PRART= 


PART NO DESCRIPTION at Faget ts mabe sr 
2Q15-0011 SWITCH-PB. 4PDT P-P ORN IND. 1.@ i 
. s4 
& ‘aa ." <a) 
8626-066 BUSHING-NYLINER 2-810 Fea, 
2626-8868 GROMMET-1-4 ID. 3“8 HOLE, VINYL 
hee yy 
8426-8663 GROMNMET-2-3 ID.1°2 HOLE. VINYL a a 
8636-9682 TIE-CABLE eae 
8626-9604  MOUNT-CABLE TIE, #4 se a 
8526-6864 SCREW 4-44 * 14 POZI PAN HD eee 
@522-8001 LOCKWASHER-EXT #4 a 
@528-66G1 NUT-HEX 4-46 % 174 atone 
BS4G-AaGGd SCREW 6-ZZ % 1/4 POZI PAN HD ae uen ts 
8542-9861  LOCKWASHER-EXT #6 


BE6S50-G0a4 
BL 716-16%6 
61716-1627 
81716-14623 
G1L7i1G-14sa 


LUG, SOLDER-#4 INT LOCK 
BRACKET-1a DB ATTENUATOR. REAR 
SHIELD-1 OB ATTENUATOR, REAR o@4 
SHIELD-14 DB ATTENUATOR, SIDE 
DECK-BALANCED AMPLIFIER 


PN EBB EBB NOU RON & 
GBQOoas 2g TF FFT9TVe8 90009 


1615-1464 


1G15-2158 


1615-22496 


DESCRIPTION 

TRANS-POWER 2N3@55 NPN SI 
Q6G61. 602 

IC-REGULATOR 722, DIP 14 PIN 
Ui. 2 


DIODE-RECT i1nN4Ga3 SI 
CREG@1-612 

RES-FHD 1.5K 1% 13H MF 
R612 

RES-FHRD 1. 62K 1% 1/SH MF 
REGS 

RES-FED 4. 22K 1% 1¢°6W MF 
reed, 614 

RES-FKD 4. 64K 16 18H MF 
Réa2,. 649 

RES-FKD 15. SK 1% 1°SH MF 
Reis 

RES-FXD 24. GK 1% 1/8b MF 


8 


REG? 
@171G-1841 HGUSING-ATTENUATOR aa Eide: 
ake beet Bohs 2ES—F 2. 2K . 14h 
G@171G-1642  COVER-ATTENUATOR geese Se a 
G171G-1647 PLATE-ATTENUATOR FRONT Pe ae hee bn cack uecereen 
REGS 
SUBASSEMBL YY PARTS 1260-198@ RES-FKD S 2W Wh 
PART NO DESCRIPTION at REBL 
G17@G-70G12  PC-ASS'Y IM SIGNAL GENERATOR @64 1.8 4419-9662  RES-VAR 5@@ TRIMPOT CERMET 
@171G-2GGG2 ASS'-PC. BALANCED AMPLIFIER 1.¢ REGz. 614 
GI71iG-2@GG4 ASS’. G.1DB.“STEP ATTENUATOR 4.8 ogeg-e19@ CAP-FXD 16@PF 5% S@av MICA 
@1716-26605 ASS’. VERNIER ATTENUATOR 4.@ Céad, 6G9 
@1716-2G0G6 ASS, 1DB-STEP ATTENUATTOR 1.6  2929-660@ CAP-FXD @ G1UF 18% 16@V MYLAR 
@171G-2G@G7  ASSY. 19DB“STEP ATTENUATOR 1.8 Céa2, 6e7 
GiFTige—=ec0c#h#e”™TE 2490-0004  CAP-FXD 3SUF 25¥ ELECT AL 
ASS wY—PC. PUR SUP. GENERATOR CéGz, 6B5. 648 
Mee aay pi ae ory 7102-9826 © « CAPSrxb Agaur Z5v, ELECT AL 
PART NG SCR 7 : C6198 
90G05-a601 TRANS-POWER 2NEG55 WPM SI 2.9 so4 99-9809 CAP-FXD 1809-25@GUF 46-5 EL. 
G661, 662 CéG1, 686 
@1G@-6612 IC-REGULATGR 72%. DIP 14 PIN 2G 495-9061  SOCKET-IC 14 PIN DIP. 
eas ee. a 2159-9905  INSULATOR- TO-Z TRANSISTOR 
206-6641 DIODE-RECT 1N4Q6% 51 6.8 345@-@97  INSULATOR-TRANS, T@-= NYLON 
GRA 36a8-GGG1 HEAT SINK-TOZ 
1G15-0576 RES-FXD S76 12 1/8H MF 1.9 gs4a-ga9g SCREW 6-322 % 1/2 POZI PAN HD 
RELL 2542-8001  LOCKWASHER-EXT #6 
1eE15-ge4S RES-FRED 649 1% 1-3 MF 1.90 2549-G0G1 HUT-HEX 6-22 *% 516 
REL 272G-G08@ TERMINAL-BIFURCATED, SWAGE-IN 
4615-1499 RES-FXD 4. 99K 4% 4°8H MF 26 G17GG-50G7 PC BOARD-POWER SUPPLY 
R612, 612 eaiT1e—-=oe8148 
At SST shed Ea Pye See ee 3 SeGKH= FILTER 
1915-1715 RESUPRD 7. 45K 42 1/8M MF 2.9 St Ae ee Fe ee 
ui ag a UL en ee > gPART NO DESCRIPTION 
pee ee a ee an de Ae 2.8 @1ag-9014 IC-OP AMP 2605 GRADE 6 BLUE 
4 s GEIS Lit 
ne 423 -oeYp 2 2K S¢ 1 2 4 
1146-1336 ee ee SO a Aad 8 4915-1487 RES-FXD 4. 87K 1% 1-eh MF 
SUS: Bho ss 
nae be 
1446-206: S-FXD : Sx 1/2 2.a 
pI Bese Sa eee per reese 2025-@612 CAP-FXD . @@15UF 2.5% S3V PYSTR 
2 Geo 
; ci 
= Fe =r ao S—' "d Lm b E me a 
pee eeee eee ee Ucn re oe | 2625-9014  CAP-FXD . @@Z3UF 2.5% 63¥ PYSTR 
elas cn 5 C2 
-¢ =FYD - Sx San", : ea AS 
oe ete eee Sil OGM LUCA 2025-GG21 CAP-FXD 22GPF 1% S3¥ PLYSTR 
eee 2 c4 
2a- AP-F : 18% 16@V ML 2. @ 
ercr eee Se NTE COR Meare © 2025-9622 CAP-FXD S6GPF 1% 634 PL'YSTR 
cig cz 
2: - —-FR he 1%, 2.46 
aaa? Sipe Se a 2646-6603  CAP-FKD @ @1UF 1@@V CERAMIC 
“SOZ. 64S c5.6 
ss a 5 CT ash OY > ~~ -_= Ae 
2148-8616 Ghiion=po? 420GUF 4G-5@V EL CO Pe aN beet RD eT i 
BM. mor 43. i ‘ = rer 3 ee 
2100-8021 CAP-FXD 1@@UF ELECT TANT AX. Do ee ee ec tas roe 


C65, 610 


QTY 


Mee ee nto elt ig) 
HaQHeaa0000 


QTY 


RoW ON 
Lis} © ti) 


i) 
© 


FR ROR NN NN 
Qo oaa ug go 


PART NG 
2615-8864 


2156-8882 
@1 7 ae0-Seed 


DESCRIPTION 

SWI TCH=FEs eS TA-er 

S16 

SPACER-PUSHBUTTOM SW. DOGBONE 
PC BORRD-ANALYZER FREQUENCY 


Ca ima — Soa. 


AMAL FRE 


SRO BPIrairrT 
= 


PURCHASED PARTS 


PART NO 
1915-2175 


1615-4164 


1146-2296 


1160-4116 
1166-41 2a 
1166-4166 
1L1iGGg-4206 
1166-427 
11m6-4298 
1166-4220 
3615-a064 


3156-9062 
817aa-5Eg4 


DESCRIPTION 

RES-FRD 1°SK 1s 16H MF 
RY2 

RES-FRD 266K 1% 1/°SW MF 
RL 

RES-FRD 226K 12 176M MF 
Rr@ 

RES-FHD 267K 2” 1/°SW MF 
REG 

RES-FXD 224K 1% 18H MF 
RSs 

RES-FRD SSYK 1% 1-SW MF 
R6s 

RES-FHD AM 16 18H MF 


R62 

RES-FxHD 390K SH 1-4 
RS? 

RES-FHD SSGK Sx 1-4 
RES 

RES-FXD 826K Sx 1“4id 
R6S 

RES-FRD 1.1M SH 1-4 
Red 

RES-FRD 1. 2M SH 14h) 
R6a i 
RES-FHRD 1. 6M Sx 14h 
RSS. ot 

RES-FRD 2h Sx 1-‘4bl 
R58 

RES SER av) clea ete 
RS7 

RES-FxO =. 3M Se 1-4 
R36 

RES-FRKD 8. 2M Sx 14 
Roo 

SWITCH-PE. 16 STA-6P 
Sit 


SPACER-PUSHBUTTON SW. DOGBONE 
PC _BORRD-ANALYZER FREQUENCY 
Sea's 


CS Sa — 


asc FREQ 2SnOD PrIGitT 
PURCHASEO FARTS 
PART NO DESCRIPTION 
19G@5-2174 RES-FXD 17. 4K @. 25% 1S ME 
RLZ7, 136 
1G05-2196 RES-FXD 19. 6K @. 25% 1/3 MF 
R126,125 
1G@5-2226 RES-FXD 22. 6K @. 25% 4-2 MF 
R125, 124 
1615-2261 RES-FXD 26. 1K 41% 1¢SW MF 
R124,123 
1G15-2716 RES-FXD 21. 6K 44 1/80 MF 
RAZ, 132 
1G15-2292 RES-FXD 39. 2K 41% 1-8u MF 


1615-21528 


3415-9602 


2150-6602 
417 60-S3eG2 


Ri22, 131 

RES-FHD S22. SK 162 1-SW MF 
Rigi, 126 

RES—-FHD 7S. 7K Le 1°SW MF 
R126. 129 

RES-FKD 158K 1% 1°SH MF 
R1i1S, 129 

SWITCH-PEB. 16 STA-4P 
Si 

SPACER-PUSHBUTTON St. 
PC BOARD-OSC FREGUENC'Y 


DOGBONE 


B11 Kem Soaea1= 


olSCc FREG 


=2ROo OrGIir 


PURCHASES PARTS 


QTy PART NO 


DESCRIPTION 


ae 


4. 
oe 


“eae R142, 154 
1G15-23224 RES-FXD 324K 1% 1/8 MF 
ae R1id1,156 
s 416@-2390 RES-FKD 390K Si 4/4u 
ae R14@,149 
; 416G-256G RES-FXD S6OK 5% 1/4 
R1z3, 142 
1.8 4968-3826 RES-FXD 226K 5% 41/4L 
R13, 147 
1.8 4490-4166 RES-FXD 1. 6M 5% 1740 
Ae RAZ?. 146 
3015-9603  SWITCH-PB, 16 STA-4P 
S14 
1.8 2156-9662 SPACER-PUSHBUTTON SW. DOGBONE 
G1i7G6-5eG2 PC BOARD-OSC FREGUENCY 
1. aoirTeqa—z=aaqsas 
RATIO SwWwitcHe AsseEmMe:y 
1.98 PURCHASED FARTS 
PART NO DESCRIPTION 
4.@ 1005-G475 | RES-FXD 475 @. 25% 1/8W MF 
RZ? 
1.6 1605-@699 RES-FXD 696 @ 25% 41-8W MF 
R226-231 
4.@ 1005-1162 RES-FXD 1. 62k @ 25% 1-8W MF 
R219-225 
2.@ 1015-2681  RES-FXD 68. 1K 1% 1/8W MF 
R23 
4.0 4100-9366 RES-FXD 360 5% 1/4U 
R218 
4.6 21690-9001  CAP-FXD 41UF 25¥ ELECT AL 
C312, 323 
4.6 21@@-@a@3 CAP-FXD 16UF 25¥ ELECT AL 
C313, 324 
4.6 210@-G@G6  CAP-FXD 1@QUF 25” ELECT AL 
C314, 315 
4.@ 2480-8017 CAP-FXD Z2UF 415” ELECT LO LEAK 
C325 
4.@ 2186-@818  CAP-FXD 1@@UF 25¥ ELEC LO LEAK 
1a C326 
3010-G0GG SWITCH-ROTARY. RATIO 1700A 
52 


6 1615-2178 


@ 4615-2288 
a 


RES-FAD ArsSk 
Rids. 154 
RES-FxXD 200K 
Ridd, 152 
RES-FRD 226K 
Rids. 152 
RES-FRD 267K 


Bi Fi1o—zooeg-t 


Le 1S MF 


1a 13h MF 


Bais Beat = 6 lll bo 


1x 18H MF 


piban IMPUT SWITCH ASSEMBLY 
2. PURCHASED PARTS 
> PART NO DESCRIPTION 
= 4@@6-G0G1 RES-FXD 102 9.1% 1-2 
ne R22 
2. 4@60-G002 RES-FXD 953 8.1% 1-8H 
a R14 
2. 4@@@-GG0% RES-FXD 7. 92K G41” 1-8u 
Ais Ri2 
2.6 4909-9064 RES-FXD 110 6.41% 1-8 MF 
a R2z 
2.@ 4905-9221 RES-FXD 221 @ 25% 1/8W MF 
R18, 24 ; 
2.6 1605-8698  RES-FXD 698 6. 25% 178W MF 
we R17, 28 
4005-1221 RES-FXD 2. 21K @. 25% 1-8W MF 
ae R16, 19 
4GQ5-1324  RES-FXD 3. 24K 6. 25% 178M MF 
R4, 3 
1-6 4905-1698 RES-FXD 6. 98K 8. 25% 1/8 MF 
ate RE. 8.45 
PG 1007-2224 «= RES-FXD 22. 4K @. 25% 4/2 MF 
R2,7 
1668-2692  RES-FXD 69. 8k @. 25% 4W MF 
RL, 6 
4615-1261 RES-FXD 2. 641K 1% 41/8 MF 
R24 
1015-4100 RES-FKD 4M 4¢% 48h MF 


RS. 168 


aT? 


et, eet Jem 
So Ss © 8 ' 8 8 ® © & @ 8 


S 


be i oe WN Oe 


ee see oo. Go 


Coo) 5 7k 


Oo": @> 9S" “8. Oe. Ses 


PART NO DESCRIPTION QTY PART NG DESCRIPTION QTY 
Pe Geae fad Piece Agila? 4 ca 4 @ 2188-9906 CAP-FXD 49QUF 254 ELECT AL. S. 
R242 C125, 126, 204, 205, 398, 319 
eipesoera  RES-ExD o7K se abau 4. @ 2186-GG07 CAP-FXD 2@@UF 254 ELECT AL 2. 
pene C262, 209 
41GQ-2330 RES-FXD 33K 5% 4-4u 4.@ 3615-6006 SWITCH-PB, 2 STA-2P, P-P 1. 
at SiG1, 102 
Wigeesiea | RES=Ewo dock sé 4>au 5 g 2915-0861  SWITCH-PB 4 STAC1 SPACE>-2P a) 
R1ZG, 121,128, 291, 202 S163-106 
4106-4106 . RES-FXD 1M S¥% 4/4u zg 23185-G96G SOCKET-IC 9 PIN ROUND 22.4 
Rigs 164 )4G> 3185-4901 SOCKET-IC 14 PIN DIP 3.8 
Pieeeaioa RES eee aN sack 4 @ 2128-9989 CONN-SINGLE CONTACT.. G92 PIN 78.8 
R170 3156-8602  SPACER-PUSHBUTTON Sl DOGRONE 2.8 
1266-2060 RES-FXD S@G ZW WW 2.6 32490-9001 RELAY-1 FORM C 1.8 
R444, 112 KA 
1416-G9G1 RES-VAR 196 TRIMPGT CERMET 5.@ 248@-@960 FUSE-1-8 AMP. ZAG 2.4 
R157, 229, 312, 237, 359 3a85-0@01  CLIP-FUSE. PC 4. 
1416-9663 RES-~VAR 1K TRIMPOT CERMET 2.@ 266@-@9@@ HEAT SINK-RGUND FINNED TOS 4.8 
R146, 237 7266-6908. WIRE JUMPER-G. 4 CTRS. PVC INSUL 2.a 
1416-6665 RES-VAR 166K TRIMPOT CERMET z@a 7280-664 WIRE JUMPER-@. 2 CTRS. PVC INSUL 2.6 
R129, 217, 234 @7G2-G0GGB  STANDOFF- 4-4Gk3/4,44 HEX 2. a 
1416-007 RES-VAR 2@K TRIMPOT CERMET 4.9 8729-G06G TERMINAL-BIFURCATED, SWAGE~IN 6.8 
251 @176G-1624  SHIELD-BUFFER 1766A 4.9 
i4ii-9896G RES-VAR 1K TRIMPOT WIREWOUND 1.9 G1°@6-S0606 PC BOARD-ANAL'YZER 1.9 
. RiG4 G17 aoc—-=zo014g 
ies gain. we Sree 4 e@ASsv—-—Pm. ANAL FRE@e 2mDO DIGI 
Ss 5 : E 
1411-9901 oe tas SK 5% TRIMPOT WIRELIND 4. Stee we eo eae 
2608-9010 CAP-FXD 16PF 5% S@Q@v MICA Metco, Bree os aon Pig vids read 
pipe, O64 odd sooetooe ieee 1695-2174 RES-FXD 17. 4K @. 25% 4/8W ME 4.. 
: Peas . R54 
20@6-6812 - CAP-FXD 12PF 5% 5aqQ' ; 
ae ad aia atime MA UUE AF 4-8 4095-2196 RES-FXD 19. 6K G. 25% 478W MF 4. 
R5Z 
a fe pe ry carte 1, * 4. 
ees See aE ae 41.9 4005-2226 = RES-FMD 22. 6K @. 25% 478U ME 4. 
; R52 
2686-9627 CAP-FXD 27PF 5% SaGv MICA 2a 
ae eae S i % 1995-2887 RES-FKD 88. 7K @ 25% 4/8 ME 1. 
2040-8847 CAP-FXD 47PF 5% SGav MICA 4.8 Sauk BSS. / iy Aa vain 
eS 1@@5-3166 RES-FXD 196K @ 25% 4/8u ME 4.. 
FF R35 
2668-9651 CAP-FXD 5iPF 5% S@a@v MICA 4. 
eaoe co ae @ 4005-3415  RES-FXD 145K 6. 25"% 49u ME 4. 
R34 
2666-8651 CAP-FKD S1PF 5% S@6V MICA 4.0 
y hee aay my 1015-2261 RES-FXD 26. 4K 4% 1/8 MF 1. 
2686-8856 CAP-FXD 56PF 5% 5@Q@V MICA 2.9 RS1 
C1G4, 185, 114, 124, 148, 262. 204, 207. 212 OLS TShG ARES EE MER SESE ee 7Ou Me os 
2600-2868 CAP-FXD SS8PF 5% 5Q@V MICA 1.0 A a OE TO Lh i 
aaa AG15-2792 RES-FXD 39. 2K 4% 41¢8W MF 4 
R42 
2666-8166  CAP-FXD 1@46PF 5% S@av MICA 2.8 
Cae eae 1915-2523 RES-FXD 52. 3K 1% 1/8 MF 4 
2600-6276 CAP-FXD 276PF 5% S@aVv MICA 4. a A aed cE MO REM agree 
eee AGI5-2787 RES-FXD 78. 7K 1% 1/8 MF 4. 
2666-8260 CAP-FxXD 26@PF 5% S@qayv MICA 1.98 io) ha hescles Laser 
Sao 1G15-2133 RES-FXD 133K 4% 4-8W ME 4 
: REZ 
2@66-a26 -FXD 26@PF 5% Soav Pp 4. 
Be oe ae Cae Cat ae eee 4.8 4615-2158  RES-FKD 158K 4% 41/8W MF > 
Sua . ae : R22, 46 
eae aed Bid see ON aay eae 1.8 4015-3260 RES-FXD 208K 4% 478M MF 4 
R21 
aao- AP-FXD S1GPF 5% 5GGV MICA 4. 
iat adie oe er eee t @ 4015-3267 - RES-FND 267K 4% 48h ME 4. 
fs ) REG 
1B20- -FXD @. @22UF 19% 160V MY a 3 
ee eens ae ag em oorat cade 8 A at 2. © 4015-342 RES-FXD 402K 4% 4/9u MF 4. 
Sines R29 
2 pai iz —-Fxe . us . pales 1, ‘4, 1. 
eas ape ar Be tage eae Ge 1.8 3615-3896 RES-FKD 866K 4% 4-28W MF 4. 
2 R22 
= 2 me feel =2Q Sy 2h, 4, = 
a oe ee ee ee acre *- 8 4106-2106 RES-FKD 19K SH 44M 4 
Bs RAS 
2025-9612 CAP-FXD . G@15UF 2.5% 6z Ss 2 
ica SOF pee ces ors 1k 1.@ 4460-2126 RES-FXD 42k 5% 4-4u 4. 
R44 
2825-9014 “AP-FKD . GGz Su 6B PYS 
pa ie rede SBE APSMRPYSTR 48 1190-2150 RES-FXD 45K 5% 4/4u 4 
‘12 R4z 
2625-6424. CAP-FXD 226PF 44% 6 YSTR 41a 
Ae Se ae eRe ATR 1. @ 4490-2160 RES-FXD 18K 5% 1-4 4. 
2625-9622 CAP-FXD SGGPF 1% SEV PLYSTR hae 
cosa st 1.8 4196-2186 RES-FED 18K 5X 4-4UI 4 
264@-G06@ CAP-FXD @. G1UF 190¥ CERAMIC 321-324, 39.0 44199-2229 peetees 22k SH 1a 4 
C1 24-129, 142-147, 213-226, 3241, 327, 228, RAG mi ae 
2644-9862 CAP-FXD @. 1UF 25¥ CERAMIC B16 aan oe ans gchn atl eae he : 
C14G. 1441, 219, 22G, 225, 326. 329, 230 cir ia Sinem a CLs a pi: eae 7 
2166-9661. sete AUF 25 ELECT AL 1.9 1196-2516 RES-FEHED SAK St 1.4 4°16 
RzS 
2166-9064 CAP-FRD ZSUF 25 ELECT AL S$ @ 44199-22928 RES-FKD S2kK 5% 1/4 4. 
C126. 127, 262, 303. 206, 207, 316, 312 RIF 


Bi -"oe—Soaoas 


SO (6--2O? 28-38). 1S 83-2 65 3 ® 


R242, 244 


ASS yY—PCc. ANAL MuULTririP. Fr 
PURCHASED PARTS Nie 
PART NO DESCRIPTION aty PART NO DESCRIPTION iy ary 
-2625-G8G1  CAP-FXD 8. GQ2UF 1% 33 PLYSTR 1g) SOG eee eres banaieN cctcncuaina oF Ly a 
os 174 
2625-0882 CAP-FXD @. G@S2UF 1% 33¥ PLYSTR 4.9 1905-2796 RES-FXD 73. 6K @. 25% 1/8W MF 1. 
mol R206 
2625-9884 CAP-FXD @. @2UF 1% 33¥ PLYSTR 4,@ 1015-0610  RES-FRD 10 4% 1’Gh PF 4 
cae R158. 159 
2625-8005  CAP-FXD, G. G82UF 1% 33¥ PLYSTR 4.@ 1015-6021 RES-FXD 21.5 14 1/6W MF 3 
ml R147, 236, 238 
2625-8087 CAP-FXD @. 2UF 1% 1G0¥ FILM 2g FeTS+ROS6 REST NE Senay ti see ss 
ay R24Q 
2625-9088  CAP-FXD @. 82UF 1% 166V FILM 1.8, SOLS-BO90', | RES =r Ae ee) te) See a 
ig R14e . 
2025-9628 CAP-FXD 2@GPF 1% 63¥ PLYSTR He a acest is eal tists SLGRL AGE HOWE i 
c2 mi 
2025-6624. CAP-FXD 22@PF 1% 62¥ PLYSTR 4.9 ° 1815-8402  RES-FKD 402 4% 176H MF 1. 
2625-0022 CAP-FXD SGGPF 1% 63¥ PLYSTR 4.g 1015-1106 RES-FKD 1K 14 18h MF bs 
el R126, 128. 201, 325, 332, 349 
2285-G96G  CAP-YAR 4.5-2GPF TRIMMER CER 4.q 1015-1121 pie Sian bela re La 18h MF 2. 
ci eae Nicaea 
3015-@062 SWITCH-PB. 4 STAC2 SPACE)-6P 4, @ (ABIS~1200 [RES RAD 24a ee ae * 
ae R225. 224 
3456-9682 SPACER-PUSHRUTTON SW. DOGBONE Pe a cena ake agit hive Sige! NS" a 
@1700-56G5 PC BORRD-MULTIPLIER 16 Rist tes eee 
an OS Saas 4015-1392  RES-FXD 3. 92K 4% 1/8 MF 6. 
SSP. ANALYZER _ REAL, 34.3. 336. 339, 353. 355 
part to hen ARTS aty 1815-1464 RES-FXD 4. 64K 1% 1/8W MF 4 
@GGG-9661 TRANS 2N3644 PNP SI 3.8 re 
Q3G1, 343, 305 4615-1715  RES-FXD 7. 15K 1% 1-8W MF 4. 
@@@5-GG8G TRANS 2N3Q5Z NPN SI 3. - R166) 2.47425) S3= 
G1G1, 742, a4 1615-175 RES-FXD 7. SK 4% 1-H MF 4. 
@QG5-G@GZ2 TRANS 2N4996 NPN SI 1.@ RIS, 161-163 
e1a4 4915-1969 RES-FXD 9. @9K 1% 1/8W MF 2. 
@@26-86@6 TRANS-FET MEMS11C MOS P-—CHAN 2.8 Ri2?, 212 
6402,102 41915-2196  RES-FXD 1@K 1% 1/8W MF 7. 
U187, 202, 26 4915-2414 RES-FXD 11K 1% 4/8W MF 4. 
@1G9-9G01 IC-OP AMP 744 ag Rizd 
U1GS, 168. 364, 365, 748, 369, F11-FAi4 1615-2475 RES-FXD 47. SK 1% 1/8W MF 1. 
@190-aea1 IC-OP AMP 744 1.8 R215 
U1ge 1615-2499  RES-FXD 49. 9K 1% 1/8b MF 4. 
@10G-9902 IC-BAL MOD-DEMOD 1496 z R164 
vies Bae sone aes 3.6 4160-9916 RES-FXD 19 5% 14W Z. 
@189-GaG2 IC-OP AMP 2625 2a Fa tiaee 
Ui ose ame 4198-9922 RES-FXD 22 5% 1/4 4. 
2 ys RASG 
6196-8906  IC-OP AMP 2665 GRADE - 2 
hugpenr ee Se ae eee 1.6 44366-0196 RES-FXD 160 5% 1-4U 6. 
a por dao R1i5Q, 152,153, 303, 304, 327 
@199-89G2  IC-GP AMP 2605 i 2 
RY caapacylit ain epee Foe 2.8 4198-9128 RES-FXD 120 5% 1/4 4. 
aga R202 
@198-Gaa3  IC-OP AMP 2665 GRADE ' : 
a teatinallh Lab iepe desig abel pho R ge, 2.6 4366-186 RES-FXD 194 5% 1-4W 2. 
: : i » Ri55. 365 
G19@-801G  IC-OP AMP 2665 GR 5 2 
peal NEN se ich Ngee esa -8 4166-0274 RES-FXD 270 5% 14W 4. 
6196-9614  IC-OP AMP 2665 GRADE 6 atid 
ios aus ele heel 1.@ 4466-0336 RES-FXD 336 5% 1-au , 
8160-6614 IC-OP ANP 2665 GRADE 6 BLUE 1.8 Oe tig AA ter og 
Kee 4189-651 RES-FXD 51Q 5% 1/4u 2. 
@288-GG06 | DIGDE-GEN 1N914A SI za6 DAO yet) os Mey Wess 4 
CR1G1-168, 169-116, 149, 124, 201-206, 303, vgintedilis aks AC craPAs etl mabye ap" ss 
62GG-99@G DIODE-GEN 1NS14A SI 4.a ere 
odes 4196-1100 RES-FXD 1k 5% 44W 9. 
SOON GOD. CRRA OSENED ares Hie Dae RAZ, 154, 167, 243, 245, 21G, 316, 344, 3B 
ro Le EAE bl 4196-1150 RES-FXD 1.5K 5% 1-4u- 3. 
@205-6991 DIODE-ZENER 1N963AR 12¥ 2.a ne ee eile eh 
Sera oe 4196-1266 RES-FXD 2k 5% 1-4W * 
@365-G061 PHOTOCELL-LED GRADE 1 BROWN 1.2 sy le SEEM 
os 4166-1226 RES-FXD 2. 2K 5X 14u * 
@265-6664 PHOTOCELL-LED GRADE 4 ‘YELLOW 1.6 Raed ds Soe oe Eee ae 
eae 4169-1279 RES-FXD 2.7K 5X 1/4u 4. 
@205-8866  PHOTOCELL-LED GRADE 6 BLUE y sae 
pone 419G-133G RES-FXD 3. 3K 5% 1-4 4. 
1905-99093 RES-FkD 909 @ 25% 41/8 MF 4.8 R321 
RAF2 4166-1290 RES-FXD 3. 9K Sx 1/4u $ 
1905-1422 RES-FRD 4. 22K G. 25% 1/St) MF 2.0 RSLS. 346. 356 
R115. 116 4166-1510 RES-FXD 5.4K 5% 1/4ul 4. 
1965-2199 RES-FXD 19K @. 25% 1/8 MF 4.9 RAIS, 114, 137, 350 
RA21—-124 4188-2160 RES-FXD 10K 5% 1-4 258, 363. 367 42. 
1605-21528 RPES-FED 15. GK G. 25% 1/8 ME 1.a R162. 247. 34S. 317. 319. 330, S31, 347, 348. 
R289 4190-2156 RES-FXD 15K 5x t/4u 2. 


SO sas ooh S'S 


g 


oo 


S19 ee. cen aes 6. 8 oO & 6-6). “S- -G". ce i8- Ss 


PART NO DESCRIPT 2@15-@@@2 SWITCH-PB. 4 STAC2 SPACE)-SP 4. B- 
dipa-osea = RESAERD ed Oe tra eee Sooo jae 
ii | k 31695-9800  SOCKET-IC @ PIN ROUND 5.8 
ae ee ea 3°@ 3405-9061  SOCKET-IC 14 PIN DIP 1. B 
ee Tae ily 3126-90G@ CONN-SINGLE CONTACT. . G93 PIN 12.9 
Ea ee, ate we 2.6 2456-8092  SPACER-PUSHBUTTON SW, DOGBGNE 4.0 
R29. 30 3496-6900 RELAY-Z FORM C 2.6 
4169-1686 RES-FXD 6. 8k 5% 1/4u 1.0 pitts 
“hie 2609-0000 HEAT SINK-ROUND FINNED TOS, 1.@ 
Paes. RES TERy ay tiated 1.@  Jo99-9061 WIRE JUMPER-@ 2 CTRS, PVC INSUL 2.@ 
pile 872G-G0GG  TERMINAL-BIFURCATED, SWAGE-IN 6.9 
4169-2106  RES-FXD 16K 5x 41-4 4.6 @f7aa-Sa0% PC BOARD-OSCILLATOR ie 
R16. 22, 43 BA Oe FS anAL FREG mso 
emma - — poof 
1199-2126 RES-FHD 12K Se 24h 2.08 parRT no DESCRIPTION QTY 
R27, 28 1605-1176  RES-FXD 1. 76K @. 25% 1°8W MF 18 
4160-2516  RES-FXD Sik 5% 1/4 4.6 R19 
R33 1605-1198  RES-FXD 1. 98K @. 25% 41/8 MF 41.98 
4166-3196 RES-FXD 196K 5% 1-4 4.4 R27 
R32 1905-1226 RES-FXD 2. 26K @ 25% 1/8 MF 4.8 
4168-315@ RES-FXD 150K 5% 1-4W 4.8 RIE 
R39 18@5-1264 RES-FXD 2. 64K @. 25% 1/8 MF 4.98 
4190-339  RES-FXD 290K 5% 4/4u 41.6 eas 
R34 40@5-12316 RES-FXD 2. 16K @. 25% 1/eW MF 41.4 
4190-3828 RES-FXD 820K 5% 1/4 1.6 Bae 
R35 10G5-1397 RES-FXD 3. 97K @. 25% 1/°SW MF 41.6 
4169-4294 RES-FXD 2M 5% 1-aW 2.a ane 
R44, 45 4605-15230 RES-FXD 5. 2@K @ 25% 1/8 MF 1.9 
1419-6902 RES-VAR 5@Q TRIMPOT CERMET 4.6 ase 
RS 1GG5-1787 RES-FXD 7. 87K @. 25% 1/8W MF 1.8 
4419-9894  RES-VAR 5K TRIMPOT CERMET 4.8 ea 
R26 41905-1887 RES-FXD 3 87K @. 25% 1/8 MF 41.8 
14416-9806 RES-VAR 1M TRIMPOT CERMET 4.6 een 
ate 4905-2160  RES-FKD 16K @. 25% 1/8 MF 1.6 
2690-9005  CAP-FXD SPF 19% 5@QV MICA 41.G ae 
ot 4905-2114 RES-FXD 14. 4K 9. 25% 1/8 MF 1.8 
2680-9822 CAP-FXD 22PF 5% S@aV MICA 4. a ae 
C46 4905-2133 RES-FKD 13. 3K G@. 25% 1/8 MF 1.6 
2000-8633 CAP-FXD 23PF 5% S@@v MICA 1.@ oa 
cse 4905-21458  RES-FXD 15. 8K G. 25% 1/8N MF 4.@ 
2008-8956 CAP-FXD S6PF 5% S@aV MICA 1.@ See 
e2 ayy a GeOK “47 
2626-0060 CAP-FXD @ G1UF 18% 100¥: MYLAR 2S ae eee Sa fe eA SE OR SS rae RUE sod 
—. eres : 
2626-8083  CAP-FXD G.4UF 10% 490 MYLAR as 4995-2200 RES SG 28. @K 9. 25% 1/8W ME 4.6 
C16. 17 5 
2625-6900  #$CAP-FXKD @ @@1UF 1% 33¥ PLYSTR 4.@ 10@5-2267 RES-FRD 26. 7K @. 25% 1-8W MF 1.8 
C33 Re 
2425-9683  CAP-FXD @. G1UF 1% 33V PLYSTR 4.@ 1965-2297 ede Bg 33. 7K 6.25% 1/3W MF 1.6 
Cz2 ; a 
2825-9986 CAP-FHD G. 1UF 1% 32V PLYSTR 29g 16905-2736 RES-FXD 73. 6K @. 25% 1°SW MF 1a 
C341. 35 . ict = Sipha Ss,nae 
2625-8049 CAP-FXD 1. G@7UF 1% 106V FILM 2.4 1166-8620 RES-FRD 680 Sx 1/4W 1.6 
C38, 34 + RIG Sole 
2625-6016  CAP-FXD . @@68UF 2.5% 63¥ PYSTR 2.8 1166-9750 = RES-FRD (5G Sx 14u 1.6 
C3GA, 34A ae ee : 
2625-9918  CAP-FXD G. G@@99UF 1% 63V PLYSTR 1.6 ee ee pape fe Sa ahr aa ae 
C36 if 
2025-9012  CAP-FXD S@GPF 2.52% 63Y PLYSTR 2.4 LIO6-1120° RES-PRD 1. 2k 4 14h 1.6 
C21A. 35A . Ris _.. See cilia 
4196-1150 RES-FRD 1.5K 5% 1-4u 4.0 
2825-0919  CAP-FXD S8OPF 2.5% 63¥ PLYSTR 2.4 Lae 
C31A. 35A 4166-1266 RES-FXD 2K 5% 1-4u 1.8 
2825-8022 CAP-FXD 820PF 1% 63V PLYSTR 1.8 aye 
C38 4160-1276 RES-FXD 2. 7K 5% 1/au 1.6 
2848-9960 CAP-FXD G. G1UF 1604 CERAMIC 41.8 "RES 
C141, 12, 21-29 41960-1470 RES-FXD 4. 7K 5% 1-4U 4.6 
2460-968G  CAP-FXD 4. 7UF 19% 35 TANT 2.9 Boe 
C9. 16 4186-2166 RES-FXD 19K 5% 4-4u 1.8 
2190-G001 CAP-FXD 1UF 25¥ ELECT AL 2.6 pala 
C8, 14, 15.18 3915-9004 SWITCH-PB. 14 STA-6P 1.98 
2160-9692  CAP-FXD 1@UF 25¥ ELECT AL ee Be 
ee vate 3158-@692  SPACER-PUSHBUTTON SW. DOGBONE 4.@ 
ees sa hea: Sn Ro 1.9 g178@-58G4 PC BOARD-ANAL'YZER FREQUENCY 1.8 
2160-G0@5  CAP-FXD S@UF 25¥V ELECT AL 1.9 
c4 
2169-9098  CAP-FXD 39@UF 12V ELECT AL 2.6 
2 CS.6 
2190-6816  CAP-FXD 1UF 35¥ ELECT TANT 1.8 
22865-9984 CAP-VAR 7-35PF TRIMMER CERAMIC 2.8 
Cz. 44 


Bir agt—{aHHog> 


SsoSs'7"—Pc. 


DESCRIPTION 

RES-FRD 1. 76K @. 25% 1°38 MF 
Rigi, 116 

RES-FRD 1. 98k @. 25% 1/°SW MF 
RiGS, 116 

RES-FRD 2. 26K @. 25% 1/°8H MF 
Rigs, 117 

RES-FRD 2. 64K @ 25% 18H MF 
Ri@?. 116 

RES-FHD 3. 16K @. 25% 1S MF 
R16. 115 

RES-FXD 3. 37K @. 25% 1-Sbl MF 
R165, 114 

RES-FXD 5. 26K @. 25% 16h MF 
Riad, 112 

RES-FXRD 7. 87K G@. 25% 1°3W MF 
R1iGs. 112 

RES-FRD 15. SK @ 25% 18h! MF 
RiG2, 111 

SUI TCH-PE2 ers iAH 


SPRACER-PUSHBUTTON SW. DOGRONE 


PC BORRD-OSC FREGUENC'Y 


Bt K-ao—=zAaaea= 


PART NO DESCRIPTION QTY PART HO 
' e7ee-G0G1  SPACER-#¥8 * 5-8LG 1/40D. PLAST 4.6 4995-1176 

87G2-G0G% SPACER-1-4 HEX. 5’S LG. 4-40, BRS 2.8 

87G2-@0G4  SPACER-1-4 HEX, 5S LG, 6-32, BRS 28 4995-1198 

2762-0985  SPACER-1-4 % . 61 LG. 6-22. PHNLC 4a 

87G4-GGG1 STANDOFF, PRESS-IN 6-32 * 546 44 49a5-1226 

2722-8664  TERMINAL-INSULATED, 6-22 THD 5. a 

2725-8600 TERMINAL STRIP-= LUG 4.9 46905-1264 

@1760-16@8  BRACKET-METER 1.4 

@i7@6-1G11 BRACKET-ROTARY SWITCH. REAR 4.89 4995-1716 

@17@G-1G12 BRACKET-ROTARY SWITCH. FRONT 4.0 

@1760-1616  BRACKET-PUSHBUTTON SWITCH 2.8 46@5-1797 

G17@86-2882 TRIM BAR i7G9A 1.8 

G4171G-18G1  SUBPANEL-FRONT 17498 4.8 46995-1520 

@171@-10G2 FRONT PANEL-UPPER, IMA OPTIOGN 644 1.96 

Gi71G-16@2 FRONT PANEL-LOWER 1.8 46905-17987 

G171G-1664 SIDE BRACE-12 IN. 1719A 2.9 

G171G-1665  PBEZFEL-17W * 16 12H 2.8 49@5-215¢8 

G@i71G-1986 DUST COVER-TOP, 17 * 12DP 1.6 

@i71G-16@7 DUST COVER-BOT. 17 * 13DP 1.9 72945-e6a2 

@171G-1668 DECK ANALYZER 1719A 1.G@ 2456-a9a2 

G@1716-1469 PANEL REAR 17108 1.8 @41 760-5862 

G171G-161G  SHIELD-ANALYZER SWITCH 1.6 

G1i71G-1G14  PLATE-CENTER DIVIDER 4.8 

@1718-1819 COVER -ANALYZER SWITCH 418) oresg we 

G1710-1422 DECK-IM ANAL 'YZER aa¢ 1.6 GGGG-AagG+ 

@171G-1822 BRACKET-IMA SIDE ao4 1.6 

@1710-1824 BRACKET-IMA CENTER BO Ti ecae traces 

@171G-1626 SHIELD-IM RATIO ga4 1.4 

@171G-1427 SHIELD-GUTPUT CONNECTOR PPE Hagoe guna 

G171G-1829 FRONT PANEL-UPPER, 1719A 4.8 

G171G-1029 FRONT PANEL-UPPER, 17168 Baa Ord eet lca 

G1710-163G  PLATE-HANDLE 12 IN DP 2.6 

Oeei6-tess «© BRACKETCINEUT FILTER 1g 9196-8007 

@171G-1G32  DECK-OSCILLATOR 1.6 

Gi71G-1034  SHIELD-POWER SUPPLY 1.q @110-06066 

@171G-1625  BRACKET-OSC SWITCH MTG 4.4 

91716-1646  HOUSING-OSCILLATOR 14.9 9266-9606 

@171G-1643  SPACER-PUSHBUTTON SWITCH 24.98 

@171@-1044  SHIELD-INPUT CONNECTOR 4.q@ 9365-9062 

@171G-1445  BRACKET-PUSHBUTTON MOUNTING 1.6 

@171@-1946 PLATE-OSC HOUSING FILLER 4.q@ 1605-1481 

Gi71G-1445  PLATE-GSC HOUSING FILLER aay 1.0 

G1i71G-19642  BRACKET-ANAL'YZER SELECT SWITCH 4.q@ 1605-2123 

@1710-1649 SHAFT-FREQUENC'Y POT 4.6 

61716-1650  SHAFT-OSCILLATOR OFF SWITCH 4g 1985-2158 

91716-1651  SHAFT-ATTENUATOR VERNIER 1.6 

@1i71G-1652 SPACER-. 75 OD.. 25 ID,. 22 THK goa? 4g 1615-9160 

@171G-1@52 PLATE-SPRING SUPPORT 1G 

@9999-1666 TRIN-VINYL 2 1/°2k1-2 gg 1615-6216 

a9999-1017 RACK ADAPTER-16 1/2 * 12 DP a2 (Nieta 

SUeASSeMeLyY FARTS 1415-1198 

PART NO DESCRIPTION aT 

G17GG-2GGG2 ASSY-PC. OSC FREG-—MSD 4.@ 1015-1222 

Gi7GG-38GG2  ASSY-PC, OSCILLATOR <W-OPT 71@) 1.4 

@170G-29064  ASS'Y-PC. ANAL FREG MSD 4.8 1615-1392 

@17GG-20605  ASSY-PC. ANAL MULTIPLIER 4.@ 

@17GG-20096 ASS'Y-PC. ANALYZER <W-OPT 710? 4.@ 1015-1422 

@17GG-26G10 ASSY-PC. ANAL FREQ 2ZND DIGIT 1.4 

@1769-20011 ASSY-PC, ANAL FREQ 3RD DIGIT 1.@ 1015-1422 

@1790-289012 ASSY-PC, OSC FREQ 2ND DIGIT 4.4 

@178G-29913 ASSY-PC, OSC FREQ 3RD DIGIT 4.8 1015-1464 

G176G-26615 RATIO SWITCH ASSEMBLY 17@9A 4. G 

G176G-26615  ASSY-PC AUTO SET LEVEL OPT G@3 @a= 1.0 1015-2106 

@1700-20917 ASSY-PC. IM ANALYZER aa4 1.8 

G171G-2690G1 INPUT SWITCH ASSEMBLY 171087 4. @ 1615-2109 

@1719-299902 ATTENUATOR ASSEMBLY 1.8 

@1710-268008  ASSY-PC. PLR SUP, GENERATOR 4.6 1015-2116 

@171G-26G09 ASSY-PC, PWR SUP, ANALYZER 41.6 

@171G-29019 ASSY-PC. 36KHZ FILTER 4.@ 1615-2222 

@1710-20011 ASSY-PC. SYNC SIGNAL aa4 1.6 

G@171G-20G12 ASS. METER SELECT 4.@ 1815-2514 
1615-4166 
41160-9051 
4169-a168 


AS Se ee 
PURCHASE O PARTS 


Osc @rtit_AToOoR 


DESCRIPTION 

TRANS 2H2644 PNP SI 

G2. So be) 

TRANS 2NZ@5=Z NPN SI 

ad 

TRANS-FET VCR2N N—-CHAN 
aL 

Ic-GP AMP 741 

U2-5 

Ic-oP AMP 2665 GRADE 2 RED 
UL 

IC-TIMER 556 

Us 

DIOGDE-GEN 1INS14A SI 
CRz-6, 8-12 

PHOTOCELL-LED GRADE 2 RED 
uz 

RES-FED 4. SiK G. 25% 41/8 MF 
R15 

RES-FED 12. 3K @. 25% 41/8 MF 
Rid 

RES-FERD 15. SK @. 25% 41°8W MF 
Ri. 2 

RES-FXD 10@ 1% 1¢°6W MF 
RAS 

RES-FRD 316 1% 1-8N MF 
R25 

RES-FED 1K 1% 18H MF 
R2z 

RES-FED 2. 2K 1% 1/8W MF 
RS 

RES-FED 2. 92K 1% 4/8 MF 
R= 

RES-FXD 4. 22K 1% 1-SW MF 
RAS 

RES-FEKD 4. 22K 1% 1-SW MF 
RAS 

RES-FXD 4. 64K 1% 1/2W MF 
RAZ ; 
RES-FXD 10K 1% 18H MF 
Rid 

RES-FKD 16K 1% 18h MF 
Rid 

RES-FED 11K 14 1-8W MF 
R24. 26 

RES-FXD 32. 2K 1% 1¢S3W MF 
RIG 

RES-FXD Sd. 4K 1% 1S MF 
RA7 

RES-FXD 1M 1% 1¢SW MF 
R12 

RES-FKD 51 5% 1-4 

RS. 40, 41 

RES-FXD 104 5% 1/4u 
RA1.12 


AS asctl FREG—mMsSo 
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PURCHASED FPARTS 


PART NG 


GS60-B008 


G206-6a60 
1G@8-G225 


16@5-17e7 


1965-2156 


1166-8166 
1i8G@-2226 
14116-2002 
1466-969 
i¢46e-001.2 


14966-8915 
1460-9616 


2660-6186 
2629-8803 
2650-9002 
3608-8001 
3805-8608 
2605-96601 
4405-6962 


2166-86090 
3106-0661. 
2116-0081. 
2116-96485 
2126-3608 
2126-3088 
3266-0057 
3268-6603 
S2328-86082 


2440-0006 


3445-8861 
3445-9862 
2436-9682 


3486-9065 


3435-8600 
7BS5G-G666 
7Bs5G-GG0s 
Yige-B9a0 
7336-6685 
7330-8605 
7eOG-aaa7 
7 766-8689 
fTi18-OG41 
ff 7¢7f-B6G1 
f¢r?-OBOS 
Vee f-BO26 
I 


7? Sa- age 
77 SG-BOG1 
7360-GoHe 
7266-8609 
7IGG-GG11 
Soqe-G008 
6GG0-0601. 
8600-6662 
S6a0-Go0Gs 
3606-9062 


DESCRIPTION 
DIOQDE-LED RED 
CRY. 126. 201. 242 
DIODE-LED RED 


RES-FRKO 225 @. 1% 1cbl MF 
R67, 6S 
-RES-FKD 7. 87K G. 25% 1/8b MF 
R32 
RES-FRD 15. SK @. 25% 1-°SH MF 
R27 
RES-FRD 160 Se 1-4 
Ris 2 
RES-FRD 22K Se 1-41 
Ro? 
RES-FRD 75@ 5% 1“2W CARBON 
Ri 
RES-VAR 2K 16% 2b SPST SWITCH 
R1i2s 
RES-VAR LK 16% CCH MOD. LOG, CAR 
Re 
RES-VAR DUAL 256. 10% MODPOT 
RES-VAR SK 160% MODPOT 
REL 
CAP-FRD 18@PF 35% s0e'’ MICA 
Cci-4 
‘CAP-FKD 1UF 160% 4@6V¥ TUBULAR 


CiGi. 142. 116 
CAP—-STANDOFF. 
ca 

SWI TCH-TOGGLE 
Se 
SWITCH-SLIDE DPDT 
st. 7 
SWITCH-SLIDE. LINE 
SS 

SWITCH-SLIDE DTST PC TERM. MINI 
s3 

CONNECTOR-BHC JACK. SHORT 
CONNECTOR-BNC JACK. LONG 
CONMECTOR-BINDING POST. BROLM 
CONNECTOR-AC RECEPTACLE-FILTER 
CONHM-SINGLE CONTCT..@92 SOCKET 
COWN-SINGLE CONTCT.. @9=3 SOCKET 
TRANSFORMER-POWER LTLGA ; 
EMD CAP. KFMR 17°1GA 
METER-ANA, VRMS. DEM. 64° GHMS 
MA 
LAMP—NECK. 
DSi 
COHNECTOR-LAMP 
RETAINING CLIP—-LAMP 


SGGGPF MIN 


SELECT 


AMBER 


FUSE-1 AMP. SAG 

FL 

FUSE- i732 AMP SAG FAST BLOW 
F2 

FUSE HOLDER, SAG 

CAGLE-1 COND. SHIELDED. WHT 


CABLE-2 COND. SHLD. WHT. BLK¢WHT 
CABLE ASS'Y-LINE CORD 
TUBING-CLEAR. 1.°S DIA X 
TUBING-CLEAR. 1°86 DIA * 
CARTONFOAM 1.71.48 : 
ALUMN-VINYL CLAD G. @641 THK 
BAR-. 16 * .187 * 16. 71 LG. ALUM 
GPERAT ION- —CUT BEZEL MATL 176GA 
OPERATICGN-CUT SIDE BRACE i179@A 
GPERATION-PAINT“SS. G171i8-1029 
OPERATIGH—-PAINT“SS. G@L71G-14a29 
OPERATIGM-PAINT<SS,. @171G-10G= 
OPERATION-PAINT<SS. G1718-1462 
EXTRUSION-ALUM BEZEL. 
EXTRUSICN—-ALUM SIDE BRACE 
MANUAL-AUTGO SET LEVEL OPTION 
MANUAL-IMA GPTION 
MANUAL- i171GA 
PUSHBUTTON pees WHITE 
KNOB-ROUND @. 7 DIA BEIGE 
KHOB-BAR & sone @.7 DIA 
KHOB-ROUND 1°2 Ob. 1-8 ID 
KHOB-CLEAR SKIRT. @ 1 DB 


172 LG 
1/2 LG 


BEIGE 
BEIGE 
cif eae 


OoLrSTORT ror 


QTY 


ve 


ag 
iga4 


Z £ : 
BN NR ORE EN DEE BE WN BOE 


o 


ee ee ei 


BEVMVASMGONTASAVHVTAgoOGH ORD 


ShGha—-anas 
SeiGA-AG1G 
S6@6-G6G12 
2600-8012 
Saqs-Geaqq 
Sa65-gaG2 
S6E5-G40G4 
Sag5-Geg4 
S6G3—-Gaes 
BHGS5—-a00e 
2626-8600 
2026-6681. 
8620-8685 
SH26-6604 
S826-g007 
8626-8800 
SG20-8601. 
GasG-HaG2 
S620-H004 
8626-8985 
2640-G6G01. 
S856—-a6ee 
gee IS 
Ta bel Gad La 
1 26-BAGL 
126-He@b2 
125 -ESet 


D4 


& ¢ 
a 
& § 


nO Om O 


ti 


1G aac 
26-8086 
20-814 
2B— ~B1L16 
-HZe2 
—-Gog1 
—-8OG1 
eraoee 


Poe a 


ee! 
1 
a 
) 
os 


AON cn on OF OF On on GA OC 
a fi : MM he i iS) fy fh 4 


78-BGB2 
529-BGG4. 
S546—-HGa% 
S540-a004 
B540-a006 
s544-aG0asg 
8546-8162 
ee dae 

54q-AaiLag 
oun Migs 
SS40-Gi112 
$54a-a206 
S540-62e1 
S5de-Gsas 
8546-214 
B542-H0G1. 
S544-G001. 
6545-GG0e 
Sh43-G8601 
B54S-80G2 
S55G-4114 
8552-8001 
pe 4 —-GGa1 

S55—-Heaa) 


HAOoOOOOMO OM O 4 
¢ 


Shee ee ea 


ese4 


—~HBaL 


S592-Ggo01 
S536 -GGEe 
S526-80G1 
S6159-8950 
S646-G0G61 
#656-Geaqa4 
S654-90a6 
8650-8089 

66S58@-GG15 

$6 50-4315 
76O-90G8 


7 


nee 


ar] Se] feces) Reese 


ws Tet 


KHOB-CLEAR SKIRT. IDB 
KNOB-CLEAR SKIRT, 16 
EKNOB-ROUND 4.42 
PUSHBUT TOM-BLE 
BATL-—i4 [ACH 
FERT-BALE LERT 
FEET-BAIL RIGHT 
FEET—-RUBBER 
HAMDLE-16 THCH 
HANDLE-RAD 9 1/2", 6-32 
BUSHING-HYLINER 1.°410, S“160D 
GROMMET-PLASTIC., @. 280D BLK 
GROMMET-RUBBERL 2“161D S“i6HOLE 


PLUG-HOLE 1°4" HOLE, BLE PLAST 
FASTENER-CLINCH . 25 DIA NYLOM 


CLAMP-CABLE 1.°4 
CLAMP-CHELE fee 
TiE-CABEE 
MOURT-CABLE 
MOUNT-CABLE 
CLAMP-COMPONEMT, 274" 
LABEL -SERTIAL TAG 
LABEL-OPTIONS, . 62%1. 5 
GALT Teh Picaies Sa pe ee 
COUPLING-2/16 SHAFT 
COUPLER-1."¢4 SHAFT. 
SPRING-COMPRESS IOt 
FIN-DOWEL .@62 DIA # 12 

SCREW 2-36 % 3716 FOZT PAN HD 
LOCKWASHER-InNT #2 

HT HE ei eee 

SCREW 4-44 % 1-4 POLI PAM HD 
SCREW 4-4@ kK 3S POST PAN HO 
SCREW 4-44 % 14, Se FLAT HD 
SCREW 4-d@ % 1". 82 FLAT HD 
SET SCREW 4-46 * 2-16, CUP PT 
LOCKHWASHER-EXT #4 

FLAT WASHER #4 
WASHER-SHOULDER, #4%2-°6LG, NYLON 


STEPS 
DB STEPS 
OD. 44 ID BEIGE 
WITH ORN INSERT 


INT THD 


TIE. #4 
TIE. #6 
OTA 


FIBRE 


HUT-HEX 4-46 * 14 

NUT HEs 4-d@ * 2716 

HUT-SHAP IN. #6. PLASTIC 

SCREW 6-Z2 K% 316 POSIT PAN HD 
SCREWS D> S20 c5 soe POLT PAM HD 
SCREM o-37 4, S/S FUSE PAN SHE 
SCREW 6-s2 kK 12 POSIT FAH HD 
SCREM G24 H S16; 22 FLAT HO 
SCREW G-S2 *% 2S. G2 FLAT HD 
SCREHM 6-32 4 dra. S2 FEAT AE 
SCREM 6-22K1.°2. FLAT HO. LOCKING 
SCREW B=32 % S4. G2 FEAT HD 
SCREW 6-32 * SS. 186 FLAT HD 
SCREW 6-42 * 3S. 22 FH LOCKING 
SCREW G-s4 4% 17S SEM PZT PH 


SEREW 6-32) 35 
LOCKWASHER-EXMT #5 
FLAT WASHER #5 
WASHER-SHOULDER. #6 FIBER 
HUT-HEX 6-22 * SALe 
LOCKHUT-HEX S-Z2 ESNA 
SCREW @-s2 K S-& SEM G2 FH 
LOCKWASHER-EXT #6 
WASHER-FLAT #6 . 264 OD.. a= 


WASHER-FLAT. #5 HYLOM 
SCREW-#10 % 34 RACK 


WASHER-#10 FINISHING, RACK MT 
WASHER-SHOULDER, #19 NYLON 
WASHER-#19 CSK CUSHION. RACK NT 
WASHER-FLAT . 255 ID. . 468 GD 
WASHER-FLAT . 2510. . S6é0D. NYLON 
LOCKWASHER-INT, 34S 
WASHER-SHOULDER, 3/CID. WYLON 
HUT—HEA ($7S—S2-6 Lee 6 S72 
(Ge? [ON peal Sees 

DRIVE SCREW-#O & 316. 
LUG, SOLDER-#4 INT LACK 
LUG. SOLDER-#6 INT LOCK 
LUG, SOLDER-#2 INT LOCK 
LUG-SOLDER. S716 

LUG, SOLDER-3-S 
SPACER-#6 4 £SLG 1406p, 


SEH S2s rr 


THE 


MOUNT 


B17 Bad al 


BRS. 
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SECTION V 
SPARE PARTS 


5-1. INTRODUCTION 


This section contains information for ordering replacement parts, and provides the 
following details: 


a. The Sound Technology part number. 

se Circuit diagram reference designator. 

em General description of part. 

d. Total quantities used. 

e. 003 or 004 notation on right side of quantity indicates that the part is a different 


value for that option than on the standard 1710. 
003 is designation for ASL option. 
004 is designation for IM option. 
002 is designation for Rack Mount. 
5-2. ORDERING INFORMATION 


When ordering replacement parts, each part must be identified by a Sound Technology 
part number. To order a part, include the following information: 


a. Instrument model number. 

b. Instrument serial number. 

Cr Description of part. 

d. Function and location of part. 


Address your order or inquiry to: Sound Technology, Inc. 
1400 Dell Avenue 
Campbell, California 95008 
(408) 378-6540 


NOTE 


Square trimpots used throughout this instrument may have triangular TO-5 pin- 
outs or all three pins in a straight line. When ordering replacement trimpots, use 
the chart below to obtain the correct part number for desired pinouts. 


TO-5 PINOUT VALUE STRAIGHT LINE PINOUT 
1410-0001 10022 1410-0013 
1410-0002 5002 1410-0015 
1410-0003 1KQ 1410-0016 
1410-0004 5KQ 1410-0017 
1410-0005 100K 1410-0019 
1410-0006 IMQ 1410-0020 
1410-0007 20K2 1410-0018 
1410-0008 1K2 Stand-up 1410-0016 
1410-0009 5002 Stand-up 1410-0015 
1410-0010 SKQ Stand-up 1410-0017 
1410-0011 2002 Stand-up 1410-0014 
1410-0012 20K2 Stand-up 1410-0018 
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SECTION IV 
DIAGRAMS 


4-1. INTRODUCTION 


This section contains the circuit diagrams necessary for the operation and maintenance 
of the Model 1710A. Inciuded are schematic diagrams and component location diagrams. 


4-2. SCHEMATIC DIAGRAMS 

The circuitry contained within each assembly is shown in the schematic diagrams. As 
an aid to isolating malfunctions, the diagrams also provide typical operating voltages and 
wave-forms. 


4-3. COMPONENT LOCATION DIAGRAMS 


The component location diagrams show the physical location of parts mounted on each 
assembly. Each part is identified by a reference designator, similarly identified on the 
“schematic diagrams and in the parts list. 
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3-48. 


Remove two screws securing generator housing to right side brace. 


Move generator section toward rear panel and top of instrument as far as cables will 
allow. (Rotation of entire section may facilitate movement. ) 


If oscillator section is not being removed, proceed to step 0. 


Remove two screws securing generator face plate to housing. (Screws are located 
in lower flange of faceplate. ) 


Slide oscillator section out of housing. 


Replace oscillator section and reassemble instrument following reverse procedure 
observing notes and cautions found at the end of this section. 


_If removal of analyzer section of frequency module is desired remove four nuts securing 


section to front panel. Slide assembly back for access. If complete removal is 
required disconnect wires from main analyzer printed-circuit board and push connector 
receptacles back through plastic bushings in divider noting routing for reassembly. 


Replace analyzer frequency module and generator module, and reassemble instrument 
following reverse procedure. 


NOTE 


1. The wires are color-coded for attachment to the numbered holes in the printed 
circuit board: black = 0, brown = 1, red = 2, orange = 3, yellow = 4, etc. 


2. When replacing analyzer portion of frequency module, line up pushbuttons with 
openings in front panel. 


3. When replacing generator module, test operation of all pushbutton switches prior 
to final tightening of the screws securing oscillator housing in instrument. Unusual 
stiffness of any switch indicates improper alignment Of one or both modules. 
REPAIR INSTRUCTIONS 
CAUTION 

Field repair of the frequency module is limited to repleacement of defective RC 
components on the switch boards. Replacement of pushbutton switches is not recom- 
mended -- order a replacement switch board from the factory. 


Remove bus wires running between boards, using multi-lead component desoldering tech- 
nique described in this section of the manual. (Paragraph 3-40) 


Detach board containing defective components from switch bracket and replace component. 
Reassemble module, replacing bus wires removed in Step a. 
NOTE 


1. Spacing between boards must be 25/32 inch (inside to inside dimension) to ensure 
proper alignment. 


2. When replacing oscillator frequency module, ensure that there is a .015 inch 


clearance between the analyzer and oscillator pushbars, with the pushbuttons in 
undepressed position. 


3. Boards must be perpendicular to switch mounting bracket. 


3-46. 


Loosen both set screws in GENERATOR OFF switch coupling. Slide coupling forward 
on shaft using care not to damage pushbutton indicator mechanism. Restrain push- 
button from forward movement out of front panel, 


Release three attenuator switch extensions by pulling extension forward against spring q 
until extension separates form shaft. Tip extension to one side and slowly relase 


spring pressure until knob rests against front panel. 


Remove two screws securing attenuator housing to left and right sides of generator 
housing. (The screws are located in clearance holes in center divider and right side 
brace. ) 
Tip attenuator housing up and back towards rear panel. 

NOTE 


If floating operation of generator is necessary with attenuator in raised position, 
do not allow attenuator to contact rear panel. 


Reassemble instrument following reverse procedure. 
NOTE 
When reconnecting three attenuator switch shaft extensions, check front panel 
for proper switch indication. (Extension can be installed 180 degrees from correct 
position.) When switches are turned fully clockwise, indications should be: 
20 ye: 
FREQUENCY MODULE REPAIR 


The following procedure details step by step instructions for disassembly and repair 


of the instrument's frequency module. It is recommended that this procedure be closely 
followed and preformed only by personnel familiar with electronic equipment disassembly/ 


assembly techniques. 


3-47. 


za ‘yy 


REPAIR AND REPLACEMENT 
CAUTION 


Certain subassemblies in the instrument are secured with hardware which includes 
insulating washers. Note the location of these washers when disassembling the unit 
and replace them in the same locations on reassembly. Failure to observe this pre- 
caution will result in improper operation of the instrument. 


Remove top and bottom covers (12 screws each) and place instrument on clean work 
surface. 


Refer to Paragraph 3-45 for procedure to be followed to gain access to oscillator 
section. 


Remove two screws securing top cover over frequency module switches and remove cover. 
If oscillator section of generator is to be removed, disconnect all external wiring 
and remove four mounting screws from top of low-distortion oscillator printed-circuit 
board. If repair of only the analyzer section of the frequency module is required, 
disregard this step. 


Loosen set screw securing coupling to OSCAF potentiometer and pull extension shaft 
toward front panel. 


Remove four screws securing generator power supply cover to bottom side of oscillator 
housing and remove cover. 


Remove two screws securing generator housing to center divider (one screw is located q 
above analyzer deck and one is located below deck). 


Rest instrument on left side. 


3-41. COMPONENT REPLACEMENT 
CAUTION 


The use of Soder-Wick* (rosin-impregnated copper braid) or a similar product is 
highly recommended for the removal of solderduring the de-soldering operation. If 
it is not available, and a vacuum-type de-soldering tool is employed, ensure that it 
is cleaned before use. This is to prevent the possibility of conductive debris being 
sprayed on the board during the de-soldering process. 


3-42. MULTI-LEAD DEVICES 


Follow the instructions given below when replacing multi-lead components on the 
printed-circuit boards: 


a. Cut all leads to remove device from P.C. board. The pieces of the leads that remain 
can then be unsoldered from the board. 


CAUTION 


Be sure to hold each lead with needle-nose pliers when it is unsoldered. This is 
to prevent the possibility of a lead dropping through a hole and shorting traces below 


the board. 
ie Using Solder-Wick, remove remaining solder from component holes. 
a When replacing a device, ensure that the length of its leads match the length of the 


leads on the device removed. Do not push the new device too far down into board as 
this may cause a short to the metal deck below. The clearance between the boards and 
the metal deck is 1/4 inch. 


3-43. POTENTIOMETERS 
The small black rectangular potentiometers are attached to the printed-circuit boards 


by three small leads projecting from their lower surface in line with the numbers "1", "2" & 
"3" marked on top. To remove this type of potentiometer, proceed as follows: 


a. Carefully raise side of potentiometer opposite numbers until leads below are visible. 
b. Continue bending leads until there is sufficient clearance for tip of soldering iron. 
Cc. Unsolder potentiometer following instructions given in Paragraph 3-40. 

d. Install replacement component following reverse procedure. 


3-44. ANALYZER POWER SUPPLY 

The majority of the components on the power supply assembly may be replaced without 
removing the board from its location under the analyzer deck. However, if additional 
access is required, remove the retaining screws securing the power supply to the analyzer 
deck. 
3-45. OSCILLATOR ACCESS 

To gain access to the oscillator, proceed as follows: 


a. Remove 12 screws on top cover of instrument and carefully lift off cover. 


b. Loosen set screw in VERNIER attenuator shaft extension and separate from shaft by 
pulling forward through front panel. 


NOTE 


Knobs and shaft extension need not be removed from instrument to gain access 
to generator sections. 


*Soder-Wick may be obtained from Solder Removal Company , Covina,’ CA, Ui Sivas 
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circuit-board surfaces or components. 
be especially avoided. 


Meter M] 
(Analyzer) 


Phase detectors 
U307, U310 
(Analyzer, null control) 


Phase detector 
U303 
(Analyzer, tuning indicator) 


Photocoupler U205 
(Analyzer, phase null 
control) 


Photocoupler U206 
(Analyzer, amplitude null 
control) 


Calibration at 1 kHz, 
(Paragraph 3-36) 


Null Adjustment 
(Paragraph 3-33) 


Tuning Indicator Adjustment 
(Paragraph 3-35) 


Allow 10 minutes for the photocoupler to cool off 
after soldering. Phase Null Integrator Voltage 
Adjustment (Paragraph 3-34). 


Allow 10 minutes for the photocoupler to cool 

off after soldering. Set controls as described 
above. Connect DVM HI lead to TP8 and LO lead to 
TP7. Reading is de voltage across R359. Calculate 
current through it. If necessary, select new value 
for R359, such that 1.4 + .2V is developed across it. 
Replace R359. 


PART 4 - REPLACEMENT AND REPAIR 


SPECIAL PRECAUTIONS 


The performance of the Model 1710A will be greatly degraded by contamination of the 


precautions: 


a. 


3-39. 


Finger marks and 011 droplets are contaminants to 


To minimize the possibility of contaminations, observe the following 


Do not disassemble any portion of the Model 1710A unless absolutely necessary (for 
example, to replace relays on oscillator board or to service frequency modules. ) 


Avoid any unnecessary handling of the printed-circuit boards or components. 


Replace 


components from the top side of the boards only. 


Employ only the soldering and component replacement techniques described in Paragraphs 


3-40 through 3-43. 


WIRING 


Lead dress within the instrument should not be altered. 


This is especially important 


with the wires running between the rotary switches and the distortion analyzer assembly. 
Before removing an assembly with wires attached, make a sketch showing the exact arrange- 
ment of the wires so that they may be replaced in the same manner. 


3-40. 


a. 


SOLDERING TECHNIQUES 


Use a low-wattage iron with a pencil-shaped tip and allow it to reach full operating 


temperature before use. 


A fully-heated iron ensures the quick completion of soldering 


and minimizes the chance that the etched wiring on the printed-circuit boards will be 


damaged by excessive heat. 


Before using the solering iron, wipe it off to remove excess solder and oxide. 


Use only a solder with non-corrosive non-conductive flux. 


Do not use acid-cored solder. 


Do not clean off the rosin around the soldered joint with a wire brush or metal scribe. 
This will destroy the high electrical resistance of the board. 


Overall most positive = X 10, 60 =+ 1.0 V 
Overall most negative = X 1, 50=- .70 V 
Range = 1.70 V, mid-point = .85 V 


Adjust? X) 10,7605 Toreta. oo: V 


Press X 1000 Multiplier pushbutton and repeat Steps c. and f. 

Now press digit giving most positive value and using a non-metallic screwdriver, adjust 
trimmer capacitor accessible through hole in shield on right-hand side of instrument 
for mid-point value determined in repeat of Step f. 


. CALIBRATION AT 1 KHZ 


Set Model 1710A controls as fol-lows: 


VOLTS POWER pushbutton ------------------------ depressed 

FILTER pushbuttons ---------------------------- out 

FREQUENCY pushbutton  -------------------------- NO RU by ee Yo te 
100 

INPUT switch ---------------------------------- oot 

ADJUST control  -------------------------------- CAL (fully CCW) 

RATIO switch  ---------------------------------- .03% 


Set meter mechanical zeroing as described in paragraph 1-19. 

Apply an accurate 3.162 V + 0.1% or better 1 kHz signal between INPUT BRIDGING terminals 
(refer to table 3-2). Connect low side of test signal to right-hand INPUT BRIDGING 
terminal. 


Connect chassis of precision ac source to INPUT GND terminal on Model 1710A 


Adjust Meter Sensitivity potentiometer R157 for an exact full-scale reading (1.0 mark on 
VOLTS scale) on meter. 


Press SET LEVEL pushbutton. 
reading. 


Adjust Set Level potentiometer R146 for an exact fullscale 
Change input signal level to 1.000 mV. Press dB VOLTS pushbutton and aed Distortion 
Amplifier Gain potentiometer R237 for an exact full-scale reading. 


Change input signal level to .3162 mV and set RATIO switch to .01%. 
Amplifier Gain potentiometer R239 for an exact full-scale reading. 


Adjust Distortion 


. COMPONENT REPLACEMENT - CALIBRATION AND ADJUSTMENT 


Portions of the Model 1710A Adjustment and Calibration Procedure (Paragraph 3-21) 
and other adjustments must be completed following the replacement of certain components 
in the instrument. These components, and the applicable Adjustment/Calibration 
Procedures are as listed below: 


Component Required Adjustment/Calibration Procedure 
Photocoupler U7 Oscillator Integrator 
(Oscillator) Output Adjustment (Paragraph 3-25) 


Voltage - controlled 
resistor Ql 
(Oscillator) 


Operational Amplifier 
Ul (Oscillator) 


Operational Amplifier 
U1, U2 (Balanced Amplifier) 


Operational Amplifiers 
2605, 2625 
(Analyzer) 


Oscillator Integrator Voltage 
Change Adjustment (Paragraph 3-25) 


Oscillator X 1000 Frequency Range 
Adjustment (Paragraph 3-27) 


Amplifier Balance 
(Paragraph 3-28) 


DC Zero Adjustment - related 
Adjustment (Paragraph 3-32) 


Monitor waveform at pin 6 of U312 with the other scope channel. 
Adjust R351 for minimum fundamental signal at pin 6 of U312. 


Now, monitor waveform at OUTPUT MONITOR jack. 


~Adjust potentiometers R337 and R354 until Distortion output waveform contains no 


fundamental signal. 


. PHASE NULL INTEGRATOR VOLTAGE ADJUSTMENT 


Set Model 1710A controls as described in Paragraph 3-2, Steps a. through d. 

Connect DVM HI lead to TP9 and LO lead to TP6. 

Adjust R364 for a de voltage reading of 2.8V*. 
*The 2.8V setting is for a dark adapted photocoupler. This is a photocoupler which 
has been in the off state for the last 24 hours (instrument power off). It is 


normal for the voltage at TP6 to gradually increase with time. 


If the dc voltage between TP9 and TP6 is greater than 3.0V after the instrument has 
been on for 24 hours or more, readjust R364 for 3.0V 


. TUNING INDICATOR ADJUSTMENT 


Set Model 1710A controls as follows: 


INPUT switch ---------------------------------- 3V 
ADJUST control -------------------------------- CAL (fully CCW) 
RATIO switch ---------------------------------- 1% 
FREQUENCY pushbuttons  ------------------------- X 10 (2nd. and 3rd. digits to 
zero) 
GENERATOR LEVEL controls  ---------------------- + 6 dBm, VERNIER 
centered 
FAST RESPONSE/LOW DISTORTION ------------------ FAST RESPONSE 
NOTE 


Do not load the output or connect GND terminal to any other output terminal .* 


Connect DVM LO lead to green wire connected to NOTCH FREQUENCY indicators and HI lead to 
junction of R320 and pin 6 of U305. 


Press in turn each FREQUENCY Ist digit pushbutton and observe DVM voltaae readings. 
Record (1) digit giving most positive reading and its value and (2) digit giving most 
negative reading and its value. 

Press X1 Multiplier FREQUENCY pushbutton, and repeat procedure described in Step c. 
Press X100 Multiplier FREQUENCY pushbutton and repeat procedure described in Step c. 
Review all readings recorded and determine (1) most positive value and (2) most negative 
value. Add these two values together (to determine voltage range) and then divide 
number by 2 (to determine mid-point). 


Press digit previously determined to have most positive reading and adjust potentiometer 
R312 until DVM indicates mid-point value determined in Step f. See example below: 


Multiplier Most Pos. Digit Most Neg. Digit 
X 10 GO raeal Oy bOr eT cull 
need 60a 9: ZO SO aemgbe! Onell 
X 100 60; +3.019V 605 560. V 


NOTE 


R 12 may be reached through the top cover of the attenuator assembly near the edge 
nearest the front panel. 


3-30. +15 VOLT ADJUST 


a. Connect HI lead of digital voltmeter (DVM) to +V terminal and LO lead to GND terminal on 
analyzer power supply assembly. 


b. Adjust potentiometer R603 for a DVM reading of +15.000 + .010 V. 
3-31. -15 VOLT ADJUST 


a. Connect HI lead of DVM to -V terminal and LO lead to GND terminal on analyzer power 
Supply assembly. 


b. Adjust potentiometer R614 for a DVM reading of -15.000 + .010 V. 


3-32, DC ZERO ADJUSTMENT 


a. Connect a short between both INPUT BRIDGING terminals and INPUT GND terminal. 
br Set Model 1710A controls as follows: 
INPUT Switch | cceccecs dU aae ee, Cone weg Sas 3V 
ADJUST control -------------------------------- fully CW 
Ce Connect DVM HI lead to TPI and LO lead to TP2. Adjust potentiometer R219 for a DVM 


reading of zero volts + 10 mV. 


d. Connect DVM HI lead to negative side of capacitor C209. Adjust potentiometer R217 for 
DVM reading of zero volts + 10 mV. 


e. Connect DVM HI lead to TP13 (located at rear of board). 


ft Set Model 1710A controls as follows: 


INPUT switch ---------------------------------- 3V 
ADJUST control = -------------------------------- CAL (fully CCW) 
RATIO switch ---------------------------------- Ag 
g. Adjust potentiometer R234 for reading of zero volts + 10 mV. 
3-33. NULL ADJUSTMENT 
a. Set Mode] 1710A controls as follows: 
INPUT switch ---------------------------------- 3V 
ADJUST contro]  -------------------------------- CAL (fully CCW) 
RATIO switch ---------------------------------- 10% 
THD pushbutton -------------------------------- in 
FREQUENCY pushbuttons  ------------------------- X 10 } 10) Hz 
10 
GENERATOR LEVEL controls  ---------------------- + 6 dBm, VERNIER 
centered 
FAST RESPONSE/LOW DISTORTION switch ----------- LOW DISTORTION 
FILTER pushbuttons ---------------------------- NOISE. 80 RH2. = in 
NOTE 


Do not load output or connect GND terminal to any other output terminal. 
b. Place ANALYZER SELECT switch in GENERATOR OUTPUT position. 
Cc; Connect one channel of oscilloscope to INPUT MONITOR jack. 


d. Adjust oscilloscope so that waveform is synched to input signal. 


3-17 


dB VOLTS pushbutton --------------------------- in 


FILTER pushbuttons  ---------------------------- out 

FREQUENCY pushbuttons = ------------------------- X ee + 100 kHz 

INPUT switch ---------------------------------- lV 

RATIO switch ---------------------------------- 01 

“ADJUST control = -------------------------------- CAL 

ANALYZER SELECT switch ------------------------ GENERATOR OUTPUT 

FAST RESPONSE/LOW DISTORTION switch ----------- LOW DISTORTION 
GENERATOR LEVEL controls ---------------------- -80 dBm VERNIER centered 
GENERATOR OFF switch = -------------------------- Sout 

SOURCE IMPEDANCE switch  ----------------------- 600 


Connect a 600-ohm balanced load across GENERATOR OUTPUT BALANCED terminals. Make no 
other connections to these or CT terminal. 


Adjust GENERATOR LEVEL VERNIER control for a meter reading of 0.850 exactly on the meter 
scale. 


Connect a short lead between GENERATOR OUTPUT GND terminal and one of the BALANCED 
terminals. 


NOTE 


In strong RF fields, significant energy may be induced into the analyzer input with 
this procedure, thereby making measurements difficult. Use of a shielded 600-ohm 
load and a short grounding lead together with observation of the signal from the 
OUTPUT MONITOR jack will help alleviate this problem. The operators hands and body 
should be kept as far as possible from the output terminals and in the following 
adjustments from the interior generator shields and components. 


Note Model 1710A meter reading deviation from 0.850. 


Shift short lead so that it goes between GENERATOR OUTPUT GND terminal and other 
BALANCED terminal. 


Note Model 1710A meter reading deviation from 0.850. 


Connect lead from GENERATOR OUTPUT GND terminal to BALANCED terminal giving greatest 
deviation (positive or negative) as noted in steps e. and g. 


Adjust potentiometer R12 on balanced amplifier board to bring meter indication within one 
minor scale division of 0.850. Gain access to control through cover of attenuator 
assembly using an eight-inch or longer plastic tuning screwdriver. 


Remove lead of step h from BALANCED terminal and again, if necessary adjust OSCILLATOR 
LEVEL VERNIER control for a meter reading of 0.850. 


Repeat steps d through j until reading noted in steps e and g are both between 0.850 and 
0.860. 


Make the Balance Check of paragraph 3-10. 


. VERNIER ATTENTUATOR RANGE 


Carry out steps a through d of Vernier Level Control Range check, Paragraph 3-11, noting 
either 1 kHz or 100 kHz as frequency which gives highest signal level with GENERATOR 
LEVEL VERNIER control at its CCW limit. Set Model 1710A to this frequency and with 
GENERATOR LEVEL VERNIER control at its CW limit, set ADJUST control again for a meter 
reading of +1.0 dB exactly. 


Rotate GENERATOR LEVEL VERNIER control to its CCW limit. 


Adjust potentiometer R12 above the GENERATOR LEVEL VERNIER control for a reading of 
exactly -1.0 dB. 


3-25. OSCILLATOR INTEGRATOR VOLTAGE CHANGE ADJUSTMENT 


oa Set Model 1710A controls as follows: 
FREQUENCY pushbuttons -------------------------- X 10 100047 
FAST RESPONSE/LOW DISTORTION switch ----------- ate RESPONSE 
b. Connect DVM HI. lead to TP6 and LO lead to GND. 
G: Connect TP3 to GND with clip lead. Note dc voltage reading on DVM. 
me Remove clip lead from TP3. Adjust potentiometer R7 for same dc voltage noted in Step c. 


S005 Ve 
NOTE 
The following is an alternative method of measuring the TP6 voltage with a floating 
tiie CORRE LO terminal of VTVM to positive terminal of C603 on the generator power 
supply board and the HI terminal to TP6. (In this case. the dc potential at C603 is 


used aS a bucking voltaqe so that the VTVM can be set to a lower (more sensitive) 
range to resolve the required 5 mV). 


3-26. OSCILLATOR INTEGRATOR OUTPUT ADJUSTMENT 
CAUTION 
If the photocoupler has been replaced, allow at least 10 minutes to elapse before 


proceeding with this adjustment. This is to allow the unit (and the technician!) to cool 
off after soldering. 


a. Set Model 1710A controls as follows: 
FREQUENCY pushbuttons ------------------------- X 10, = 100 Hz 
10 
FAST RESPONSE/LOW DISTORTION switch ----------- FAST RESPONSE 


b. Connect DVM HI lead to TP6 and LO lead to GND. Adjust R20 for +6.5* volts de at TP6. 
* The 6.5 V setting is for a dark adapted photocoupler. This is a photocoupler which has 
been in the off state for the last 24 hours (instrument power off). It is normal for the 
voltage at TP6 to gradually increase with time. 


If the dc voltage at TP6 is greater than +8 V after the instrument has been on for 24 hours, 
or more, readjust R20 for +8 V at TP6. 


3-27. OSCILLATOR X1000 FREQUENCY RANGE ADJUSTMENT 


a. Press Model 1710A X1000 Multiplier and Ist Digit 10 FREQUENCY pushbuttons. Set 2nd and 
3rd Digits to zero. 


b. Monitor (1) de voltage between TP6 and GND and (2) frequency of oscillator. - 


we: Adjust trimmer capacitors across C33 and C38 with an insulated trimmer tool until (1) dc 
voltage is in range of 6.5 V to 8 volts and (2) frequency is 10.0 kHz + 1.5%. 


d. Depress 100 Digit FREQUENCY pushbutton. Check that (1) dc voltage is in range of 6.5 to 8 
volts and (2) frequency is 100 kHz + 1.5% 


e. Repeat Steps c. and d. until voltage and frequency readings are within specifications 
stated. 


3-28. AMPLIFIER BALANCE 


a. Set Model 1710A controls as follows: 


NOTE 


The distortion specifications of the analyzer are much lower than those of 
the generator. Therefore, if it is desired to check the specifications, a clean-up 
filter can be made for use between the generator and the analyzer. Information 
regarding such a filter will be supplied by Sound Technology upon request. The 
method used in the performance test section is suitable for determining proper 
ee Operation. The clean-up filter is only necessary for a detailed system 
analysis. 


PART 3. - ADJUSTMENT AND CALIBRATION PROCEDURE 
3-21. INTRODUCTION 


The following is a complete adjustment and calibration procedure for the Model 1710A. 
The procedure should be carried out only when the Performance Check (Paragraph 3-2) indicates 
that adjustments are required. If the Model 1710A does not meet the test limits specified in 
the following steps, consult the troubleshooting data provided in Paragraph 3-3. The location 
of the adjustment controls for the analyzer, oscillator, balanced amplifier, attenuators, and 
power supplies are shown in the parts location diagrams contained in Section IV. 


3-22. -17 VOLT ADJUSTMENT 


a. Connect HI terminal of digital voltmeter (DVM) to -V terminal and LO lead to GND 
terminal on generator power supply assembly. 


b. Adjust potentiometer R614 on generator power supply assembly for a DVM reading of 
SOOO se e01.0 Vi. 


NOTE 
The generator power supply is located in the bottom section of the unit. 


3-23. +17 VOLT ADJUSTMENT 


a. Set Model 1710A controls as follows: 
GENERATOR LEVEL controls ----------------------- +26 dBm, VERNIER fully CW 
GENERATOR OFF switch --------------------------- out 
FAST RESPONSE/LOW DISTORTION switch ------------ LOW DISTORTION 
FREQUENCY pushbuttons -------------------------- X105 = 1000 Hz 
100 
ANALYZER SELECT switch ------------------------- INPUT 


De Connect DVM in AC mode across GENERATOR OUTPUT BALANCED terminals. Do not connect 
another load or ground to these terminals or the GENERATOR OUTPUT CT terminal. 


C Adjust potentiometer R603 on generator power supply assembly for a DVM reading of 
Disoaeel, OL AVE 


3-24. OSCILLATOR PHOTOCELL ADJUSTMENT 


a. Set Model 1710A controls as follows: 
FREQUENCY pushbuttons ------------------------- X104 = 100 Hz 
FAST RESPONSE/LOW DISTORTION switch ----------- ae RESPONSE 
b. Connect HI lead of DVM to junction of R3 and R4; connect DVM LO lead to "0" terminal 


(oscillator output) on oscillator board. 
Cx Adjust R5 for AC voltage reading of .20 V. 
NOTE 


Clockwise rotation of R5 decreases voltage, counterclockwise rotation increases 
voltage. 


3-19. 


ais 


RESIDUAL NOISE TEST 


Set Model 1710A controls as follows: 


INPUT switch ------------------------- 3 V 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- +12 dBm, VERNIER centered 
GENERATOR OFF switch ----------------- out 
FAST RESPONSE/LOW DISTORTION switch -- LOW DISTORTION 
SOURCE IMPEDANCE switch -------------- 600 2 
FREQUENCY pushbuttons ---------------- X10} = 1000 Hz 
100 
ANALYZER SELECT switch --------------- GENERATOR OUTPUT 
FILTER Pushbuttons ------------------- NOISE, 80 kHz on 


Connect a 600-ohm load across GENERATOR OUTPUT BALANCED terminals. 


Depress SET LEVEL pushbutton and adjust GENERATOR LEVEL VERNIER control until meter 
pointer is at 1.0 mark. 


Press THD pushbutton and set RATIO switch to .01 range. (This reading is noise and 
distortion of oscillator and analyzer.) 


Press SET LEVEL pushbutton and adjust GENERATOR LEVEL controls for a meter reading 
of -15 dB. (This greatly reduces the level of the signal input to the analyzer 
with the result that almost all of the distortion products are eliminated and only 
the residual noise of the analyzer remains.) 

Press THD pushbutton. Check that meter reading is less than .0025%. 

Place ANALYZER SELECT switch in INPUT position. 


Place a shorting link between INPUT BRIDGING terminals and connect to INPUT GND 
terminal. 


Press dB VOLTS pushbutton and set controls as follows (meter full-scale sensitivity 
is now 30 microvolts). 


INPUTS Switch -seeecee aes ae 3 
ADJUST Controls aarrtwte nace CAL (full CCW) 
RATIO switch ses le<sacwn ee 01% 


Press NOISE FILTER pushbutton and set 30/80 kHz switch to 80 kHz. Check that reading 
is less than 8 microvolts. 


Release NOISE FILTER pushbutton and check that reading is less than 15 microvolts. 


. COMMON MODE REJECTION TEST 


Set ANALYZER SELECT pushbutton to GENERATOR OUTPUT and set oscillator frequency to 
60 Hz (depress X1 and 60 pushbuttons). 


Press VOLTS POWER pushbutton and adjust GENERATOR LEVEL controls for a meter reading 
of 1 volt with the INPUT switch set to 1 V range. 


NOTE 
A load need not be used across the GENERATOR OUTPUT BALANCED terminals. 


Set ANALYZER SELECT switch to INPUT position and short INPUT BRIDGING terminals 
together. 


Connect input cable from GENERATOR OUTPUT, BALANCED terminals to INPUT BRIDGING and 
INPUT GND terminals. (In this connection, the generator signal is connected between 
ground and the shorted analyzer inputs, establishing a common-mode signal.) 

Set RATIO switch to -20 dB range and ADJUST control to CAL position. 

Press dB VOLTS pushbutton. Check that meter reading is -20 dB or lower. 


3-13 


3-17. 


a. 


VOLTS POWER TEST 


Set Model 1710A controls as follows: 


INPUT switch ------------------------- .1 mV 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- -80 dBm, VERNIER centered 
GENERATOR OFF switch ----------------- out 
FAST RESPONSE/LOW DISTORTION switch -- FAST RESPONSE 
SOURCE IMPEDANCE switch -------------- 600 2 
FREQUENCY pushbuttons ---------------- X104 = 1000 Hz 
100 
ANALYZER SELECT switch --------------- GENERATOR OUTPUT 


Connect a 600-ohm load across GENERATOR OUTPUT BALANCED terminals. 


- Press VOLTS/POWER pushbutton and adjust GENERATOR LEVEL VERNIER control until meter 


pointer indicates O dB. 
Set INPUT switch to next higher range and check that signal drops by approximately 10 dB. 


Again adjust GENERATOR LEVEL controls for a O-dB reading and then set INPUT switch to 
next higher range. Check that signal again drops by approximately 10 dB. 


Repeat this operation until 10 volt range (+20 dBm) is reached. Now up range INPUT 
Switch through remainder of its ranges, checking that signal drops by approximately 
10 dB on each range. 


Se eVEROTTESd 


Set Model 1710A controls as follows: 


INPUT switch ---------------------------- 3 7¥ 
ADJUST control -------------------------- CAL 
GENERATOR LEVEL controls ---------------- +10 dBm, VERNIER centered 
GENERATOR OFF switch -------------------- out 
FAST RESPONSE/LOW DISTORTION switch ----- LOW DISTORTION 
SOURCE IMPEDANCE switch ----------------- 600 2 
FREQUENCY pushbuttons ------------------- ad Selly ie 
0 
ANALYZER SELECT switch ------------------ GENERATOR OUTPUT 


Connect a 600-ohm load across GENERATOR OUTPUT BALANCED terminals. 


Press dB VOLTS pushbutton and adjust GENERATOR LEVEL VERNIER control for a O-dB meter 
reading. 


Press HUM FILTER pushbutton. Check meter for a -3 dB reading. 
Release HUM FILTER pushbutton. 


Set frequency to 80 kHz (depress X1000 and 80 pushbuttons). Press NOISE FILTER push- 
button and set 30/80 kHz switch to 80 kHz. Check that signal attenuation is 3 dB or more. 


Release NOISE FILTER pushbutton. 


Set frequency to 30 kHz (depress X1000 and 30 pushbuttons). Press NOISE FILTER push- 
button and set 30/80 kHz switch to 30 kHz. Check that signal attenuation is 3 dB or more. 


Sa kor 


a. 


10 dB-PER-STEP LEVEL CONTROL, UNBALANCED LOADS 
Set Model 1710A controls as follows: 


FREQUENCY pushbuttons -------------------- X1000 


ANALYZER SELECT switch ------------------- INPUT 

FAST RESPONSE/LOW DISTORTION switch ------ LOW DISTORTION 
GENERATOR LEVEL controls ----------------- +20 dBm 
GENERATOR OFF switch --------------------- out 

SOURCE IMPEDANCE ------------------------- 600 2 


Connect a 600-ohm, 0.1%, s-watt balanced and floating load across GENERATOR OUTPUT 
BALANCED terminals and then connect ac voltmeter across load using shielded connectors 
such as Pomona Type 1921 or Type 1845, and appropriate shielded cable. 


If input of ac voltmeter is not unbalanced to ground, connect GND terminal at generator 
output to adjacent terminal of GENERATOR OUTPUT BALANCED terminal pair. 


Set ac voltmeter sensitivity to 10 V full-scale. 


Adjust GENERATOR LEVEL VERNIER control for a meter reading on ac voltmeter of +0.50 
dB exactly. 


Set 10 dB-per-step GENERATOR LEVEL switch to +10 dBm and ac voltmeter sensitivity to 
3 V full-scale. Check that ac voltmeter reading is different from +0.50 dB by less 
than 0.10 dB. 


Continue to decrease Model 1710A output level in 10 dB steps to -80 dBm with correspond- 
ing increase in sensitivity of ac voltmeter, each time checking that ac voltmeter read- 
ing differs from +0.50 dB by less than 0.20 dB. 


» eBa VOLTS. TEST 


Set Model 1710A controls as follows: 


INPUT switch ------------------------- 30 V 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- -50 dBm, VERNIER centered 
GENERATOR OFF switch ----------------- out 
FAST RESPONSE/LOW DISTORTION switch -- LOW DISTORTION 
SOURCE IMPEDANCE switch -------------- 600 2 
FREQUENCY pushbuttons ---------------- X10) = 1000 Hz 
100 
RATIO switch ------------------------- .01 
ANALYZER switch ---------------------- GENERATOR OUTPUT 


Connect 600-ohm load across GENERATOR OUTPUT BALANCED terminals. 


Press dB VOLTS pushbutton and adjust GENERATOR LEVEL VERNIER control for a 0 db 
reading on meter. 


Set RATIO switch to next higher range and check that signal drops by approximately 10 dB. 


Set GENERATOR LEVEL switches to -40 dBm and VERNIER control for a O-dB reading. Now set 
RATIO switch to next higher range. Check that signal drops by approximately 10 dB. 


Repeat this operation until a -10 dB reading on 30% range is reached. Rotate ADJUST 
control for a 0 dB reading. 


Set RATIO switch to 100% range and check that signal drops approximately 10 dB. 


Rotate GENERATOR LEVEL VERNIER control for a reading on ac voltmeter of +0.20 dB 
exactly. 


Step 1 dB-per-step GENERATOR LEVEL switch through its range to -9 dB while checking 
that ac voltmeter indicates each step with an absolute level tolerance of 0.05 dB. 


Return | dB-per-step GENERATOR LEVEL switch to 0 dB. 

Repeat steps d through f for 0.1 dB-per-step GENERATOR LEVEL switch. 
+26 AND +20 dBm LEVEL CHECKS 

Set Model 1710A controls as detailed in Paragraph 3-12. 


Connect a 600-ohm, 0.1%, %-watt balanced and floating load across GENERATOR OUTPUT 
BALANCED terminals and short GENERATOR OUTPUT GND and CT terminals together. 


Connect an ac voltmeter as specified in Table 3-2 to INPUT MONITOR jack. Set volt- 
meter range to 0.3 V full-scale. 


Set 1 dB-per-step GENERATOR LEVEL switch of Model 1710A to -6 dB and adjust GENERATOR 
LEVEL VERNIER control for a reading on ac voltmeter of -5.80 dB exactly. 


Set the 10 dB-per-step GENERATOR LEVEL switch to +26 dBm and check that ac voltmeter 
reads +0.20 dB within 0.05 dB. 


. 10 dB-PER-STEP LEVEL CONTROL, BALANCED LOADS 


Set Model 1710A controls as follows: 


dB VOLTS pushbutton --------------------- in 
FILTER PUSHBUTTONS ---------------------- HUM in 
FREQUENCY pushbuttons ------------------- X1000, _ 

100 } = 100 kHz 
INPUT switch ---------------------------- O43 V 
RATIO switch ---------------------------- -70 dB 
ADJUST control ------ reliatetelatatatatatalatatatatatatate CAL 
ANALYZER SELECT switch ------------------ INPUT 
FAST RESPONSE/LOW DISTORTION switch ----- LOW DISTORTION 
GENERATOR LEVEL controls ---------------- +20 dBm 
GENERATOR OFF switch -------------------- out 


Connect balanced attenuator specified in Table 3-2 between GENERATOR OUTPUT BALANCED 
terminals and INPUT BRIDGING terminals as shown in Figure 3-3. Be sure of ground 
connections as shown and provision of a balanced and floating load across output of 
attenuator which matches attenuator impedance within 0.1%. Shielded connectors, such 
as the Pomona Type 1921, should be used for these connections. 


Set Model 1710A SOURCE IMPEDANCE switch to impedance of balanced attenuator. 


Set attenuation of the balanced attenuator to 100 dB and note that this gives a 
meter reading on the Model 1710A of approximately 78 microvolts. 


Connect the ac voltmeter to OUTPUT MONITOR jack and set the sensitivity to 30 milli- 
volts full scale. Preferably, use a shielded connector at the voltmeter input. 


Adjust GENERATOR LEVEL VERNIER control for a meter reading on ac voltmeter of +0.50 dB 
exactly. 


Set Model 1710A 10 dB-per-step GENERATOR LEVEL switch to +10 dBm and balanced attenuator 
to 90 dB. Check that ac voltmeter reading is different from +0.50 dB by less than 
0.10 dB. 


Continue to decrease Model 1710A output level in 10 dB steps to -80 dBm with correspond- 


ing decreases in attenuation of balanced attenuator, each time checking that ac volt- 
meter reading differs from +0.50 dB by less than 0.15 aB. 
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Adjust GENERATOR LEVEL VERNIER control for an exact 0-dB reading on meter. 
Set ANALYZER SELECT SWITCH to INPUT position. 


Press dB VOLTS pushbutton and rotate RATIO switch for a reading between -10 dB and O dB 
scale marks (no greater than 0 dB) if possible. 


Check that RATIO switch setting is -70 dB or -80 GB. 

Set FREQUENCY pushbuttons to X1000, 100 for 100 kHz operation. 
Press SET LEVEL pushbutton. 

Set ANALYZER SELECT switch to GENERATOR OUTPUT position. 
Repeat steps d, e, and f. 


Check that RATIO switch setting is less than -50 dB. 


. VERNIER LEVEL CONTROL RANGE CHECK 


Set Model 1710A controls as follows: 


SET LEVEL pushbutton ------------------- in 
FILTER pushbuttons --------------------- out 
FREQUENCY pushbuttons ------------------ XTOy _ 

1002 = ] kHz 
INPUT switch --------------------------- 30 V 
ANALYZER SELECT switch ----------------- GENERATOR OUTPUT 
FAST RESPONSE/LOW DISTORTION switch ---- FAST RESPONSE 
GENERATOR LEVEL controls --------------- +20 dBm, VERNIER CW limit 
GENERATOR OFF switch ------------------- out 
SOURCE IMPEDANCE switch --------------- 600 2 

NOTE 


Do not make any external connections to the GENERATOR OUTPUT or ANALYZER 
INPUT terminals. 


Rotate ADJUST control for a meter reading of exactly +1 dB. 


Rotate GENERATOR LEVEL VERNIER control to its CCW limit and check that meter reading de- 
creases by 2.0 to 2.2 dB. 


Repeat steps a through c, setting the FREQUENCY pushbuttons for X1000, 100 = 100 kHz. 


. | AND 0.1 dB-PER-STEP LEVEL CONTROLS 


Set Model 1710A controls as follows: 


VOLTS POWER pushbutton ---------------- in 

FILTER pushbuttons -------------------- out 

FREQUENCY pushbuttons ----------------- X1000, Solel ela te 
100 

INPUT switch -------------------------- 10 V 

ANALYZER SELECT switch ---------------- GENERATOR OUTPUT 

FAST RESPONSE/LOW DISTORTION switch --- LOW DISTORTION 

GENERATOR LEVEL controls -------------- +20 dBm 

GENERATOR OFF switch ------------------ out 

SOURCE IMPEDANCE switch --------------- 600 2 


Connect a 600-ohm, %-watt balanced and floating load across GENERATOR OUTPUT BALANCED 
terminals, and short GENERATOR OUTPUT GND and CT terminals together. 


Connect an AC voltmeter as specified in Table 3-2, to INPUT MONITOR jack. Set volt- 
meter range to 0.3 V full scale. 
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Multiplier Digrt* Frequency 


X10 10 100 Hz 

X] 10 10 Hz *Set remaining 
x] 100 100 Hz digits to 0- 
X100 100 10 kHz 

X100 10 1 4kHz 

X1000 10 10 kHz 


DISTORTION TEST 


Set Model 1710A controls as described in Paragraph 3-8a, but set FAST RESPONSE/LOW 
DISTORTION switch to LOW DISTORTION and set ADJUST control to CAL. 


Measure distortion of oscillator at frequencies listed in Paragraph 3-8. Check that 
measurements are within specifications listed in Model 1710A data sheet. 


NOTE 


The measurement technique for making oscillator distortion measurements 
(and the accuracy of the reading) depends on the type of test equipment avail- 
able to the user. In general, this equipment will fall into the following 
three categories listed below, in order of measurement accuracy: 


a The Model 1710A. In the absence of a wave analyzer, the Model 1710A can 
be used to make a rough check of the oscillator's distortion. Carry out the 
Distortion Test described in Paragraph 3-9. 


2. Wave analyzer with a residual distortion of less than -60 dB. Set the Model 
1710A to the 3 V range and adjust the GENERATOR LEVEL controls for a set level 
mark of -8 dB. Then use the wave analyzer, observing the signal from the INPUT 
MONITOR jack of the Model 1710A to sort out the harmonic distortion products of 
the oscillator. This measurement is, in general, accurate to approximately 

.0005 percent. 


S: Wave analyzer with a residual distortion of less than -80 dB. Set the 
oscillator output as described in 2 above. Connect a twin-T filter, which 

must attenuate the fundamental by at least 40 dB, ahead of the wave analyzer. 
Then use the wave analyzer, observing the signal from the INPUT MONITOR jack of 
the Model 1710A, to sort out the harmonic distortion products. This method is, 
in general, accurate to .0001 percent or 1 ppm. A suitable twin-T network for 
1.06 kHz is Shown in Figure 3-1. 


NOTE 


To obtain the rms THD level from the measured data of 2 and 3 above, square 
each harmonic amplitude value, sum these squared values, and take the square root 
of that sum. 


. BALANCE CHECK 


Set Model 1710A controls as follows: 


SET LEVEL pushbutton --------------------- in 
FILTER pushbuttons ----------------------- out 
FREQUENCY pushbuttons -------------------- X1000, Sag une 
: 20 
INPUT switch ----------------------------- 10 V 
ADJUST control --------------------------- CAL 
ANALYZER SELECT switch ------------------- GENERATOR OUTPUT 
FAST RESPONSE/LOW DISTORTION switch ------ LOW DISTORTION 
GENERATOR LEVEL controls ----------------- +20 dBm, VERNIER centered 
GENERATOR OFF switch --------------------- out 
SOURCE IMPEDANCE switch ------------------ 600 
Connect a 600-ohm, 1-watt center-tapped load to GENERATOR OUTPUT terminals as shown > 
in Figure 3-2. The two 300-ohm sections must be matched to each other within .005 per- 


cent (i.e., each must fall in the range 299.98 to 300.02 ohms) to give the required 
accuracy in the following measurement. 


Connect a cable from analyzer INPUT terminals to a 150-ohm resistor, as shown in 
Figure 3-2. 
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Correction Factors For 
Harmonics: 

2nd. 2.8 

ora: Tes 

4th Wad 


o/ 


NOTE: All resistors are metal-film type, + 1% tolerance 
All capacitors are polystyrene type, + 1% tolerance 


FIG. 3-1 
GENERATOR 
INPUT OUTPUT 
BRIDGING BALANCED GND CT 


Figure 3-2. Balanced Check Test Setup. 


GENERATOR 
INPUT OUTPUT 
BRIDGING BALANCED GND CT 


BALANCED 
ATTENUATOR 


LOAD 
RESISTOR 


Figure 3-3. Balanced Load Test Setup. 
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TYPE 


AC Calibrator 


Digital 
Multi-Meter 


Frequency 
Counter 


TABLE 3-2. 


REQUIRED CHARACTERISTICS 


—— 


Voltages: .3162 mV, 1.000 mV, 
3. L62ZAVe ts 
Reeuracves ale ata KZ 


DC Voltage Range: 200 mV to 
200, Vi £.12 
AC Voltage Range: 200 mV to 
LOU N- =. 5% 
Resistance Range: 200 ohms to 
20 M ohms 
nN Way 4 


Frequency Range: 10 Hz to 100 kHz 


Period Measurements: 10 Hz to 


Oscilloscope 


Oscillator 
and 
THD Analyzer 


REQUIRED TEST EQUIPMENT 


USE 


Adjustment and 
Calibration 


RECOMMENDED MODEL 


Optimation Model 
AC-125 or 

Fluke Model 5200A 
(*See alternate 
method described 
below. ) 


Adjustment and 
Calibration 


Troubleshooting 


Fluke Model 8000A 


Adjustment and 
Calibration 


Troubleshooting 


Fluke Model 1900A 


1 kHz 
Accuracy: +) 218 
Bandwidth: DC to 10 mHz 
Vertical: Dual Channel 


Frequency Range: 10 Hz to 110 kHz 


Residual Distortion: .002%, 10 Hz 


Adjustment and 
Calibration 


Troubleshooting 


Troubleshooting 


Hewlett-Packard 
Model 1220A 

or 
Philips Model 
PM3232 


Sound Technology 
Model 1700A 
or 


to 10 kHz Model 1710A 
Attenuator 150 or 600 ohms, balanced dc Performance Hewlett-Packard 
to >100 kHz; +30 dBm input; Checking Model 4436A** 
0..to l00;dBgal GO dBestensd 
Error at any step <.05 dB. 
AC Voltmeter HOOGHZ. fo. S100 vkhz, “flat to Performance Hewlett-Packard 
aan dB Checking Model 400F** 
POOBV tO7S0 Vib. S* 
Linear dB scale Troubleshooting 
Attenuator error <.05 dB 
Scale error <.01 dB over 
upper 11 dB 
* To produce fairly accurate AC voltages: For 3.162 V rms -- Monitor oscillator output with 


For 1.000 mV rms - 


For .3162 mV rms - 


Digital Multi-meter 


Set 1710A under test to 100 V 


range and set generator output 
for a 31.6 mV rms output with 
Digital Multi-meter. 


Same as above except set 1710A 


under test to 300 V range. 


** The attenuator and AC voltmeter are used to check performance of the Model 1710A generator 


level controls. 


For this purpose the published specifications of the recommended models 


are inadequate and individual units will require further checking and/or calibration to 
the stated accuracy before they can be used. 
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SYMPTOM 


Distortion reading contains 
excessive hum. 


TABLE 3-1 (Continued) 


POSSIBLE CAUSE 


. Photocoupler U205. 
. Photocoupler U206. 
. Leaky zener diode CR304 


Ce GCReO5. 


. Missing ground return for 


Model. _1710A differential 
front end. 


Analyzer had unstable 
distortion readings. 


Nulling becomes ex- 
cessively slow. 


Not nulling on some 
frequencies 


One of notch frequency 
indicators stays on during 
measurement on all fre- 
quencies. 


One notch frequency 
indicator stays on during 
measurement on some fre- 
quencies. 


. Photocoupler U205 or U206. 


. Oscillator frequency 


drifted. 


. Photocoupler U205 or U206 


causing higher integrator 
voltage. 


. Bad contact in pushbutton 


Switch. 


. R312 out of adjustment 


. Tuning indicator circuit 


(U303, U304, U305) 


. Phase detector U303. 


. Oscillator frequency drifted 
. R312 out of adjustment range 


. Range capacitor(s) or digit 


resistor(s) drifted out of 


tolerance in analyzer section 


DIAGNOSTIC TEST 


. Replace U205. 
. Replace U206. 


. Disconnect zener from 


circuit while operating 
in distortion mode. 


. Check that connections are 


in compliance with para- 
graph 1-13. 


. Make certain the symptom 


is from the analyzer and 
not the oscillator. Replace 
U205 or U206. 


. Check frequency, with 


counter. 


. Check dc voltage at TP8 


with respect to TP7. If 

greater than 6 Vdc, adjust 
R359. If unable to adjust 
below 6 Vdc, replace U206. 


. Refer to troubleshooting 


paragraph 3-3. 


. Carry out test described 


in paragraph 3-35. 


. Check dc voltage on cir- 


cuit without input. 


. Replace U303. 


. Check oscillator frequency 
. Carry out test described 


in paragraph 3-35. 


. Unsolder range capacitor 


from pc board to measure 
value. Check suspected 
resistor(s) by activating 
proper pushbutton(s) and 
measure at analyzer pc 
board. 


eae 


TABLE 3-1. MODEL 171NA SYMPTOM/CAUSE TABLE. 


> a ee 


SYMPTOM 


Generator continually 


cycles between Fast Response 


ind Low Distortion 


waveforms. 


on all attenuator steps. 


Generator has no output 
on some frequencies and 
output on others 


Generator has unstable distor- 


POSSIBLE CAUSE 


. R7 out of adjustment 


pressed 


b. Generator power supply 
failure. 


. Oscillator amplifier U1. 


d. Balanced amplifier output 
shorted. 


. Output attenuator open. 


load on +26 dBm. 


. Balance amplifier pro- 
tection CRI thru CR4, 
CRY chr wR 12. SORTS, 
CRI16. 


inoperative. 
. Balanced amplifier short. 


. Bad contact in pushbutton 
Switch. 


DIAGNOSTIC TEST 


. Carry out oscillator 


integrator change adjust- 
ment (See paragraph 3-25) 


. Oscillator amplifier U1. b. Replace Ul. 
. Dual timer U6. c. Replace U6. 
. Photocoupler U7. d. Replace U7. 
LON CRG. e. Replace Q7. 
nenerator has no output. . GENERATOR OFF switch de- a. Check position of switch 


.. Check +17 and -17 Vdc 


supply voltages. 


. Replace U1]. 
. Check for shorts between 


Output lines, including 
10 dB attenuator. 


. Check output continuity 


on affected ranges. 


a. Oscillator amplifier U1]. a. Replace U1. 
b. Photocoupler U7. b. Replace U7. 
DAVGR hg c. Replace Q1. 
Generator produces clipped . Balanced amplifier over- a. Check that load > 150 w 


total. 


. Check diodes for shorts. 


c. Oscillator amplifier U1. c. Replace Ul. 
d. RC filter amplifier U2. d. Replace U2. 
Generator output 6 dB low . Half of balanced amplifier a. Check output from each 


line to CT separately. 


. Check for short from 


either output line to 
common before and in 
10 dB attenuator. 


. Refer to troubleshooting 


paragraph 3-3 k. 


Generator has hum in output. Improper ground connections| a. Check that ground and 
connections are in com- 
pliance with paragraph 
1-134 

High distortion under al] . Amplifier null circuit a. Check dc voltages on null 

conditions (not nulling) (U302.- Ved Oe USidta: USI2.) circuit without input 
Signal. 

. Phase null circuit b. Check de voltages on null 
(U306, U307, U308, U309) circuit without input 
Signal. 
. Notch filter c. Open feedback loop by 


(U201, U202, U203, U301) 
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lifting up one end of 
R203. Check dc voltages | 
on notch filter circuit 
without input signal. 


3-4. SYMPTOM/CAUSE TABLE 


Table 3-1 contains symptoms of Model 1710A malfunctions and provides diagnostic tests 
for the location of these faults. Before beginning detailed troubleshooting, the reader 
is advised to study notes a. through k. in Paragraph 3-3. 


Following the replacement of a defective component, refer to Paragraph 3-37 for in- 
Structions regarding any necessary calibration and/or adjustment procedures. 


3-5. TEST EQUIPMENT 

Recommended test equipment for performance checking and troubleshooting is listed in 
Table 3-2. Test instruments other than those described can be used provided their spec- 
ifications equal or exceed those listed. 
3-6. INTRODUCTION 

The following is a complete system check for the Model 1710A. The check can be used 
for incoming inspection, verifying system performance, and the individual tests can be 
used as an aid to troubleshooting. 

Before beginning the check, ensure that all external equipment is completely dis- 
connected from the Model 1710A, and that none of the fuses described in paragraph 3-3 
are blown. If the required test equipment for an individual test is not available, make 
a gross operational check and then proceed to the next test. 
3-7. CIRCUIT COMMON ISOLATION CHECK 
as Set POWER switch to OFF. 


b. Measure resistance between GENERATOR OUTPUT GND and CT terminals. Check that reading 
is greater than 10 megaohms. 


Cc Set POWER to ON. 
3-8. FREQUENCY AND LEVEL CHECK 


a. Set Model 1710A controls as follows: 


GENERATOR LEVEL controls ------------------------ +6 dBm, VERNIER centered 
FAST RESPONSE/LOW DISTORTION switch ------------- FAST RESPONSE 
FREQUENCY pushbuttons' --------------------------- X105 267 tus 
100 
OSCAF control ----------------------------------- centered 
GENERATOR OFF switch ---------------------------- out 
NOTE 


Do not load output or connect GENERATOR OUTPUT GND terminal to any other 
Output terminal. 


b. Connect GENERATOR OUTPUT BALANCED terminals to frequency counter and wideband ac 
voltmeter. Measure amplitude of output. Check that it can be adjusted to 3.08 V 
with the GENERATOR LEVEL VERNIER control near the center of its range. 

NOTE 
The Model 1710A can be used to measure the ac voltage. If this is done, the 


drop in response at 10 Hz is caused by the characteristics of the voltmeter and 
not the oscillator. 


fe Select the following oscillator frequencies and check that (1) frequency is + 2% of set 
value and (2) frequency response is flat within 0.2 aB. 
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e, Select following oscillator frequencies and check that distortion reading for each is 
less than the percentage given. 


Multiplier Digit Frequency Distortion (Percent) 
X10 10 100 Hz .004 
X] 10 10 Hz .0045 
X] 100 100 Hz .004 
X100 100 10«Hz et .004 
X100 ESATO 1sHz ng Repe ee olN'G04 
X1000 10 10«Hz 3° .004 


Tr, Set RATIO switch to .03 range and change oscillator frequency 4 to 100 kHz (X1000 and 
100 pushbuttons). 


g. Relase NOISE FILTER pushbutton. Check that distortion ail ae ee less than .35% 
3-3. TROUBLESHOOTING 


Check the 3AG l-ampere LINE and 1/32-ampere GEN fuses located on the rear panel of 
the instrument. 


Before attempting to troubleshoot the Model 1710A, ensure that the fault is with the 
Model 1710A and not caused by the test setup or associated equipment. The performance 
check (Paragraph 3-2) enables this to be determined without having to remove the covers 
from the Model 1710A. 


If abnormal condition is observed during the Performance Check, Table 3-1 will 
Suggest remedies. However, before proceeding with detailed troubleshooting, note the fol- 
lowing suggestions: 


a. A good understanding of the principles of operation of the Model 1710A will assist the 
troubleshooter and it is recommended that the reader be familiar with the contents of 
Section II of this manual. 


ie Any suspected malfunction should first be tested with the Performance Check. This 
need not be carried out in its entirety ---- only the portion applicable to the sus- 
pected malfunction need be performed. 


ae Verify proper power supply operation by measuring the +15 Vdc, -15 Vdc, +17 Vdc, and 
-17 Vdc voltages. Check also that the +12, -6, and -8 Vdc supplies which operate the 
null control circuits on the analyzer board. 


ai Many measurement problems or bad readings can be related to incorrect grounding. Refer 
to Paragraph 1-13 for correct grounding instructions. 


e. The differential input circuitry of the Model 1710A requires a return to circuit common. 
Check the input cabling for proper connections. 


ts Attempt to isolate the malfunction to either the generator or the distortion analyzer. 
After this, try to isolate the fault to a circuit block within the suspected unit. 


g. Determine component failure within the analyzer by operating the Model 1710A without 
an input signal and then comparing dc levels with those marked on the schematic. 


h. Since the instrument contains a number of identical components mounted in plug-in 
sockets, it is permissible to switch these units in order to isolate a malfunction. 
However, known good components must always be returned to their original locations. 


1. Phase detector U303 in the tuning indicator need not be in position for proper notch 
filter operation. This component can therefore be used to isolate a malfunction in 
the null control circuits. But be sure to return the original I.C. to U303 when done. 


at Abnormally large potentials (more than + 15 mV) measured between the + and - input 
terminals on operational amplifiers generally indicate a defective amplifier. 


Ks When a malfunction occurs try first to find out if the trouble relates to any particu- 
lar pushbutton. If it does, it may be possible to cure the problem by depressing and 
releasing the defective button several times. 
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SECTIONS Ed 
MAINTENANCE 


3-1. INTRODUCTION 


This section provides performance checks, adjustment and calibration procedures, 
troubleshooting techniques, and repair instructions for the Model 1710A. The section is 
divided into four parts. Part 1 is a test of basic operation and can be used to check general 
system operation and as an aid in troubleshooting. Part 2 is a complete system check and can 
be used for a more detailed check of individual portions of the system. Part 3 provides ad- 
justment and calibration procedures. Part 4 supplies information on repair and replacement 
of parts and modules. 


PART 1 
3-2. PERFORMANCE CHECK 
CAUTION 
Due to the ultra-low distortion characteristics of the Model 1710A, only 
test equipment with the specifications described in table 3-2 is capable of making 
the distortion measurements called for in this check. Use of test equipment with 


equal or higher residual distortion to measure, for example, the characteristics 
of the low distortion oscillator, will result in erroneous readings due to: 


a. Residual distortion of measuring equipment, 
b. Reinforcement or cancellation effect of distortion products. 
NOTE 
1. Before beginning the test, ensure that all external equipment is com- 
pletely disconnected from the Model 1710A. 
2. This test measures the overall distortion of the system, with distortion 


from both the generator and the distortion analyzer contributing to the result. 
To measure the distortion of the analyzer, an extremely pure source, with a dis- 
tortion of .0002 percent is required. 


a. Place ANALYZER SELECT pushbutton in GENERATOR OUTPUT position. 


bi Set Model 1710A controls as follows: 
INPUT switch ------------------------- SV 
ADJUST control ----------------------- CAL 
GENERATOR LEVEL controls ------------- +4 dBm, VERNIER centered 
GENERATOR OFF switch ----------------- out 
FAST RESPONSE/LOW DISTORTION switch -- LOW DISTORTION 
FREQUENCY pushbuttons i fg et oad ge hen ak ee ts X105 1000 Hz 
100 
FILTER pushbuttons ------------------- NOISE, 80 kHz on 
POWER switch ------------------------- ON 
Ge Press SET LEVEL pushbutton and rotate ADJUST control until meter pointer is over 
1.0 mark. 
d. Press THD pushbutton and set RATIO switch to .01 range. Check that distortion read- 


ing is less than .004%. 


3-1] 


2-28. -17 Vdc SUPPLY 


The -17 Vdc supply is similar to the +17 Vdc supply described above except that the 
outputs are reversed with respect to power supply ground (generator common). 


2-29. FLOATING GROUND SYSTEM 


The complete generator is isolated from chassis and ac line ground through separate 
sheet metal enclosures within the main chassis and a system of shields in the power trans- 
former. The total capacitance of the shielding of the generator system to the chassis 
amounts to approximately 600 picofarads. This allows full floating and/or unbalanced 
grounding of the generator without adverse effects of injected currect from either the ac 
power line or internal signal generators. 


2-30. ELECTROMAGNETIC INTERFERENCE CONSIDERATIONS 


The analyzer is protected against external radio frequency interference sources by 
the following: 


a. AC line filtering through an integral shielded line filter. 


b. A complete chassis system using conductive joints between all chassis elements and 
complete metallic convering of the analyzer. 

als A pi-section RC filter on the input to the analyzer at the input terminals. 

d. Capacitors across the generator grounding line to the generator ground fuse on 


the rear panel. 
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2-21. BALANCED AMPLIFIER 


The balanced amplifier is comprised of two separate amplifiers whose outputs are 
combined to deliver a balanced signal. One amplifier is non-inverting and the other is 
inverting. 


Each amplifier consists of an operational amplifier and a current booster. The 
components of the non-inverting amplifier include operational amplifier U1 and current 
booster QI] through Q4; the inverting amplifier is made up of U2 and current booster 5 
through Q8. 


The current booster of each amplifier is capable of driving loads down to 75 ohms so 
that the combined total of the two amplifiers is capable of driving loads down to 150 ohms. 
For loads less than these impedances, internal protection circuitry limits the peak current 
in the current booster stages of each amplifier, preventing overheating of the output 
transistors and stress on the power supplies. 


Potentiometer R12 in the non-inverting amplifier feedback loop provides adjustment 
’ for balance of the two amplifiers. 


Overload protection circuits in each of the two amplifiers consists of two separate 
sections. First, diodes CR7, CR8 (CRI5, CRI6) prevent excessive output current through 
transistors Q2, Q4 (Q6, Q8) by limiting the voltage drop across the collector resistors 
R5, RO (R18, R22). Second, diode pairs CRI, CR3 and CR2, CR4, (CR9, CRI1, and CR12, CR14) 
limit the reverse base-to-emitter voltage across transistors Q2, Q4, (Q6, Q8). Inductor 
and resistor pair L1], R27, (L2, R28) maintains amplifier stability with reactive loads. 


Zener diodes CR17, CRI8 (CR19, CR20) prevent the peak-to peak voltage across either 
half of the amplifier to the common of the amplifier circuits from rising above approxi- 
mately 15 volts. The sensitive fuse is used to cut off excessive current of long duration 
through the zeners. The resistor in series with the fuse is used to protect the fuse from 
accidental blow-out by a high generator output level. 


2-22. POWER SUPPLIES 
2-23. GENERAL DESCRIPTION 


There are two separate power supplies in the Model 1710A -- one provides +15 and 
-15 Vde to the amplifier section, and the other +17 and -17 Vdc to the generator section. 
All supplies feature current foldback and current limiting. 


2-24. INPUT CIRCUIT 


Main power is coupled to the primary of transformer Tl via POWER switch S3, 115/230 
Vac select switch S5, and fuse Fl. Transformer Tl steps the main voltage down to the 
appropriate level for the individual power supply circuits. 


2-25, 8+) SeVdesSUPPLY 

Full wave rectifier CR601-604 and filter capacitor C601, connected to a secondary 
winding on Tl, produce an unregulated output of approximately +25 Vdc. The regulation 
circuit includes pass element Q601, and integrated circuit regulator U601. Potentiometer 
R603 allows the output to be set to exactly +15 Vdc. 
2-26. -15 Vde SUPPLY 


The -15 Vdc supply is similar to the +15 Vdc supply described above except that the 
outputs are reversed, resulting in a negative potential with respect to power supply ground. 


2-27.40 4+%7 Vdc SUPPLY 
Rectifier CR603, CR604 and filter capacitor C601, connected to a center-tapped 
secondary winding on Tl produce an unregulated output of approximately +26 Vdc. The 


regulation circuit includes pass element Q601 and integrated circuit regulator U601. 
Potentiometer R603 allows the output to be set to +17 Vdc. 
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2-20. ATTENUATOR 
The principle components of the attenuator are as listed below: 


* 1 dB-per-step attenuator 

* 0.1 dB-per-step attenuator 

* Vernier attenuator 

* 10 dB-per-step attenuator 

* Generator Off switch 

* Generator Impedance Select switch 


The 1 dB-per-step attenuator, the 0.1 dB-per-step attenuator, and the vernier attenu- 
ator are connected between the output of the low-distortion oscillator and the input of the 
balanced amplifier. Each attenuator consists of a single-ended section. 


The 1 dB-per-step attenuator is a voltage divider with constant output impedance of 
665 ohms. This contant output impedance is then used as a source for the vernier and the 
0.1 dB-per-step attenuator. The 1 dB-per-step attenuator provides a total attenuation range 
of 9 dB. 


The vernier attenuator operates over the upper 2-dB range of the oscillator output. 
Potentiometer R12 is used to adjust the range of the front panel vernier control R10. 


The vernier attenuator is followed by a single section of the generator OFF switch. 
In the Off position, the switch removes the drive to the 0.1 dB-per-step attenuator and the 
balanced amplifier. 


The 0.1 dB attenuator is a series-resistance string. It provides a total attenuation 
range of 0.9 dB to the input of the balanced amplifier. 


Between the balanced amplifier and the balanced attenuator are two additional poles 
of the generator OFF switch. In the OFF position, the switch provides a short to circuit 
common as the drive to the balanced attenuator. These two sections of the switch in com- 
bination with the section between the vernier and the 0.1 dB-per-step attenuators result 
in a very low residual output signal from the generator when in the OFF position. 


The 10 dB-per-step attenuator is balanced and is located electrically between the 
output of the generator off switch and the generator output terminals on the front panel 
of the instrument. The attenuator is made up of six discrete sections. The first is a 
6-dB matching section which provides a 150-ohm balanced output impedance from the amplifier 
in all positions except the 26 dBm step position, where the output impedance of the amplifier 
is two ohms or less. 


The attenuator operates as a 150-ohm balanced attenuator from the 6 dB section source 
with the remaining five sections coded as the attenuator schematic. 


The output from the attenuator is connected to the SOURCE IMPEDANCE select switch. 
With the switch in the 150-ohm poisiton it provides a straight through connection to the 
balanced output terminals to provide a 150-ohm source impedance. In the 600-ohm position, 
it switches in two 225-ohm resistors, one on either side of the line for a balanced 600-ohm 
source impedance at the output terminals. 


The output line (no. 4) from the balanced attenuator is used to provide a signal in 
the +26 dBm position only to the output terminals of the SOURCE IMPEDANCE select switch so 
that the 225-ohm resistors, if selected, are bypassed. 


The circuit common is brought out to the center tap (CT) terminal. A ground (GND) 
terminal which goes to the chassis through a sensitive fuse is also provided to the front 
panel at the generator output. This ground line is bypassed by a one microfarad capacitor 
and a 500 picofarad capacitor for electromagnetic interference protection of the instrument 
from outside sources. 
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The low-speed loop, consisting of the following major components, monitors the bias 
applied to the VCR and ensures that the bias is always at an optimum value for low dis- 
tortion. 

a. Comparator R17, R18 (these components are also input resistors for integrator U3). 
b. Integrator U3 and associated integrating capacitor. 
C. Photocoupler ke 
In the following circuit description, assume that the oscillator has been set for Fast 


Response operation. In this mode relays Kl and K2 are de-energized, resulting in the fol- 
lowing circuit conditions: 


a. The time constant for active RC filter U2 is relatively short. 
b. The time constant for integrator U3 is relatively short. 
c. A high value of resistance is connected in parallel with the VCR section of the nega- 


tive feedback loop. This allows the VCR to have a wide control range. 


In operation, when power is first applied to the unit, there is no input from the os- 
cillator. This causes the output of RC filter U2 to be zero and VCR Q1 to be at its lowest 
resistance. At the same time, the output of integrator U3 is also zero, which cuts off the 
drive to the light source in U7. This, causes the photoresistor to have a very high resis- 
tance. These conditions result in a very low negative feedback ratio in the oscillator, 
causing it to start immediately after power is applied. 


When the oscillator amplitude passes a reference voltage (voltage V2 across R15) at 
peak detector Q2, Q3, the detector produces an output current which starts to charge up 
RC filter U2. This in turn creates a large bias voltage (V1) to the VCR which increases 
its resistance. This tends to lower the amplitude of the oscillator. At the same time, 
comparator R17, R18 detects that voltage V1] is increasing, and when it becomes greater than 
its' reference voltage (V3), the comparator produces a current which drives integrator U3 
to turn on the light source in U7. The photoresistor responds by decreasing its resis- 
tance, tending to further dampen the amplitude of the oscillator. This action continues 
until (1) the oscillator amplitude equals the reference voltage (V2) and (2) the VCR bias 
voltage (V1) equals the reference voltage (V3). 


After the oscillator has reached a steady state condition, the circuit continues to 
operate as follows: Any time the oscillator amplitude is lower than the reference voltage 
(V2), the ac peak detector Q2, Q3 reduces drive to the RC filter and VCR. This in turn 
causes the VCR to decrease its resistance, bringing the oscillator amplitude back to the 
reference level (V2). If the oscillator amplitude is higher than the reference, a reverse 
action increases the VCR resistance. This operation occurs once per cycle and is performed 
by the high-speed loop. 


The bias (V1) on the VCR is constantly monitored by comparator R17, R18 against refer- 
ence voltage V3. Any difference in voltage level results in a current of corresponding 
polarity. This current is integrated constantly by integrator U3. Over a given period of 
time, if there is an average net increase of VCR bias, there will be an increase of drive 
to the light source of U7.. (The opposite is true for a net decrease of VCR bias). This 
increase in drive to the light source will result in a decrease of resistance in photo- 
resistor U7. When this occurs, the VCR is no longer required to have such a high resistance 
and hence high bias voltage V1. Therefore, the bias voltage (V1) for the VCR will gradually 
return to its predetermined value, the reference voltage V3. This action which provides a 
constant optimum bias for the VCR, is performed by the low-speed loop. 
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Where front panel Multiplier switches change a set of capacitors for each frequency 
range and the Digit switches change the resistance value. These components are located in 
the frequency module (See Section 4 for schematic diagram). 


2-19. AMPLITUDE CONTROL 


The ultra-low distortion amplitude control circuit consists of two control loops: 
a high-speed loop and a low-speed loop. These two loops, acting together, effectively 
vary the negative feedback ratio to regulate the oscillator amplitude. 


Now assume that the oscillator has been set for Low Distortion operation and it is in 
a steady state condition. At this time, relays Kl and K2 are energized resulting in the 
following circuit conditions: 


a. The time constant for active RC filter U2 is now longer. This filters the sawtooth 
voltage driving VCR QI to almost a dc level, minimizing its distortion effect. 


b. The time constant for integrator U3 is now longer. This ensures that the stability 
of the control system is maintained. 


es Resistor R8 is shunted in parallel with VCR Q1. This greatly limits the control range 
of the VCR, reducing its distortion effort. 


The oscillator remains in this state until a disturbance to the oscillator amplitude 
occurs. At this time, the high-speed loop, in an attempt to maintain the oscillator amp- 
litude, creates an abnormal bias level for VCR Ql. This level is sensed by level detector 
Q4, Q5 which in turn triggers one-shots U6A, U6B with the result that relays Ki and K2 are 
de-energized. This places the amplitude control system in the Fast Response mode previously 
discussed. The system remains in this state for 24 seconds. 


At the end of the 2% second interval, relay Kl is energized. This causes the following 
circuiteaction: 


a. A shunt is placed across VCR Q] to limit its control range. 

b. The time constant of integrator U3 is increased to maintain circuit stability. 

e, A large capacitor is allowed to charge to the steady state output value of active RC 
filter U2. 

dd. Ce capacitor is allowed to charge to the steady state output value of integrator 


During this intermediate state, which also lasts 2% seconds, the oscillator settles 
to a steady state condition. At the end of this interval, relay K2 is energized. This 
causes the following circuit action: 

a. The precharged capacitor is connected across RC filter U2. 
b. Tne precharged capacitor is connected across the integrator U3. 


Thus after 5 seconds, the control system is back in the ultra-low distortion mode 
with relays Kl and K2 energized. 


The high-speed loop, composed of the following major components, stabilizes the os- 
cillator from cycle to cycle. 


a. Peak Detector Q2, Q3. 
b. Active RC filter U2 and associated RC element. 


Cy Voltage-controlled resistor (VCR) Q1. 
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2-12. FILTERS 


Each filter is an active 3-pole Butterworth having a flat response within its 
passband and an attenuation slope of -18 dB/octave. The -3 dB point is switch selectable 
at 30 kHz or 80 kHz for the low-pass NOISE filter and at 400 Hz for the high-pass HUM filter. 


2-13. FUNCTION SWITCHES 


The function switches select the circuit to be measured by the ac voltmeter. When the 
VOLTS POWER switch is depressed, the meter monitors the fixed output, via a step attenuator, 
from the buffer amplifier. When the SET LEVEL switch is depressed, the meter monitors the 
Signal from a divider connected to the variable output of the buffer amplifier. Operation 
of the THD switch routes the signal from the distortion amplifier via the low-frequency and 
high-frequency filters (if selected) to the meter. This connection is not made directly by 
the THD switch but by the release of the SET LEVEL and VOLTS POWER switches which occurs 
automatically when the THD switch is depressed. When the dB VOLTS switch is depressed, it 
connects the variable output from the buffer amplifier directly to the attenuator at the 
input of the distortion amplifier and hence to the meter. 


2-14. METER PREAMPLIFIER 

The ac meter preamplifier has a gain of 30 db and is in use only when the VOLTS/POWER 
measurement function is selected. This provides an overall sensitivity for the VOLTS/POWER 
measurement of 100 microvolts (-80 dBm) full scale. 


2-15. AC METER 

The ac meter circuit consists of high-gain wide-band amplifier U104, a full-wave 
bridge rectifier circuit, and dc milliammeter M1. It indicates the average value of an ac 
Signal. The input sensitivity is 31.6 mV full scale. The gain of the meter is adjusted 
by potentiometer R157. 


2-16. GENERATOR 
2-17. GENERAL DESCRIPTION 


The generator provides a pure sine-wave oscillator signal for testing from 10 Hz to 
110 kHz. The generator output is direct-coupled, balanced, and floating with respect to 
chassis ground. The output impedance can be set to either 150 ohms or 600 ohms (except 
for levels greater than +21 dBm), and discrete calibrated levels in 0.1 dB steps can be 
selected from +27.0 dBm to -90.9 dBm (decibels relative to 1 milliwatt into 600 ohms) into 
150-ohm or 600-ohm loads (17.32 V rms maximum). The level across any load used can be 
directly measured within the instrument. An indicating OFF switch disables the generator 
for convenient signal-to-noise ratio (SNR) measurements. 


The oscillator is basically a Wein bridge type with a unique ultra-low distortion 
amplitude control circuit. This control circuit provides (1) wide frequency range (2) 
fast settling (3) flat frequency response and (4) ultra-low distortion. No one of these 
characteristics is sacrificed in order to achieve an improvement in the others. 


The oscillator has two operating modes - Fast Response and Low Distortion. When Fast 
Response is selected, the oscillator amplitude settles quickly after a frequency change; when 
Low Distortion is chosen, the oscillator settling time to .002% distortion is less than 
5 seconds. Built-in control circuitry automatically guides the oscillator through these 
modes whenever there's disturbance to the amplitude, for example, a change of frequency 
setting. 


2-18. OSCILLATOR CIRCUIT 


The basic Wein bridge oscillator consists of a reactive positive feedback network and 
a resistive negative feedback network, both of which are tied to the output of oscillator 
amplifier Ul. The positive feedback network feeds back to the positive terminal of the 
amplifier and the negative feedback network is coupled to the negative terminal of the 
amplifier. Frequency of oscillation is determined in the positive feedback network by 
the relationship: 


bd ] 
ew 2 TERE 
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The reference input to phase detector U310 is a signal which is in phase with the fun- 
damental, and the signal input to U310 is the distortion product output of the distortion 
amplifier. With these inputs, the phase detector monitors the notch filter output for an 
in-phase signal. When this occurs, the output of the phase detector supplies drive to the 
integrator causing the charge on the integrating capacitors to change. This in turn causes 
the photocoupler to change the value of the variable resistor which in effect adjusts the 
summing current until the in-phase component is no longer there. 


The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting in 
high-speed nulling on all ranges. The capacitors are precharged to the integrator output 
voltage level through resistor R360. This avoids switching transients and improves the 
speed of the circuit. 


2-9. PHASE NULL CONTROL 


The phase null control circuit fine tunes the phase of the second phase shifter in the 
notch filter so that the overall phase shift is exactly 180 degrees. This ensures total 
cancellation of the fundamental signal. The components which perform this function include 
phase detector U307, floating integrator and voltage follower U309, integrating capacitors, 
and a photocoupler controlling a variable resistor in the resistive branch of the second 
phase shifter. 


The reference input to phase detector U307 is a signal which is out of phase with the 
fundamental, and the signal input to U307 is the distortion product output of the 
distortion amplifier. With these inputs the phase detector monitors the notch filter 
output for an out-of-phase signal. When this occurs, the phase detector output supplies 
drive to the integrator causing the charge on the integrating capacitors to change. The 
integrator output drives the variable gain amplifier, U313, and the voltage to current con- 
verter, U314, which in turn causes the photocoupler to change the value of the variable 
resistor which in effect adjusts the phase angle until the out-of-phase component is no 
longer there. 


The integrating capacitors are changed by the RATIO attenuator switch. This in effect 
maintains the automatic null control loop gain at a relatively constant level, resulting 
in high-speed nulling on all ranges. The capacitors are precharged to the integrator 
output voltage level through resistor R344. This avoids switching transients and improves 
the speed of the circuit. 


A set of resistors that feed signal from integrator U308 to U313, which acts as a gain 
control, is switched by the front panel FREQUENCY switches. This maintains a relatively 
constant integrator voltage when frequency is changed and helps to achieve perfect nulling 
in less than 5 seconds. 


2-10. SUM-POINT BUFFER 


; The Sum-point buffer supplies a signal from the notch filter summing point to the 
tuning indicator and the amplitude null control, each of which uses the Signal as the 
reference input of a phase detector. The buffer consists of unity-gain amplifier U301 
and high-gain high-speed amplifier U302. These components convert the sine wave at the 
Summing point into a square wave signal. 


2-11. TUNING INDICATOR 


The tuning indicator monitors the phase relationship between the signal input to the 
notch filter's first phase shifter and its output. The relationship is frequency de- 
pendent and is 90 degrees when the incoming frequency is exactly the same as the tuned fre- 
quency of the notch filter. The components performing this function include phase detector 
U303, high-speed amplifier/drivers U304, U305 and HIGH and LOW indicators CR301, CR302. 


__ The reference input to phase detector U303 is the signal at the in ut to the 
shifter (connected via the sum-point buffer) and the sfanet input to 1303 is the penal 
of the phase shifter. When. the incoming frequency is exactly the same as the tuned fre- 
quency of the notch filter (90-degree phase relationship), there is no output from the 
phase detector. Under these conditions both indicators are off. However, if the frequency 
of the notch filter is high compared with the input frequency, U303 produces a dc output 
which turns on the HIGH indicator. Conversely, if the frequency of the notch filter is 


Tow compared with the output frequency, a dc output of t i i 
turns on the LOW indicator. ; ; i he opposite polarity from U303 
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The function switches select the circuit to be measured by the ac voltmeter. 
When the VOLTS POWER switch is depressed, the meter monitors the fixed output from 
the buffer amplifier via a stepped attenuator and preamplifier. When the SET LEVEL 
switch is depressed, the meter monitors the variable output from the buffer amplifier. 
Operation of the THD switch routes the signal from the distortion amplifier via the 
HUM and NOISE filters (if selected) to the meter. When the dB VOLTS switch is depressed, 
it connects the variable output from the buffer amplifier directly to the attenuator at 
the input of the distortion amplifier and hence to the meter. 


2-4. BUFFER AMPLIFIER 


The input of the buffer amplifier contains a pair of step attenuators, one for 
each INPUT connector. The attenuators are controlled by Sections SIA, B, C, D of the INPUT 
Switch. The attenuator outputs are connected to input signal preamplifiers U101 and U102. 
The gain of these units is controlled by section SIE of the INPUT switch. Gain is unity 
on the 3 V range and above, 3.16 on the 1 V range, and 10 on the .3 V range and below. 
The preamplifier outputs are coupled to U103, a bridge amplifier circuit which effectively 
acts as a differential to single-ended converter with high common-mode noise rejection. 
The gain of the bridge amplifier is controlled by ADJUST potentiometer R125 and provides 
the variable signal supplied by the buffer. The range of gain is 10 dB and full scale 
voltage is 3.16 volts. The fixed output from the buffer is obtained between the wiper 
of R125 and ground. This signal remains fixed regardless of the setting of R125, except 
when the buffer overloads. 


-2-5. OVERLOAD DETECTOR 


The overload detector signals an overload condition when the variable output of the 
buffer amplifier exceeds approximately 6.5 volts rms sine wave or 9 volts peak. The 
circuit consists of comparator UI07, a half-wave rectifier and filter, a light-emitting 
diode driver, and OVERLOAD indicator CR120. 


2-6. NOTCH FILTER 


The notch filter consists of two 90-degree phase shifters connected in series, making 
the output 180 degrees out of phase with the input. By summing the input and output at 
summing amplifier U203, the fundamental of the input signal is cancelled out. Feedback 
from the output of the summing amplifier to the input of the filter increases the Q of 
the circuit and narrows the rejection band of the filter. 


Tuning is controlled by changing a set of RC elements for each phase shifter through 
Operation of the front panel Multiplier and Digit pushbutton switches. When the reactance 
of the capacitance equals the resistance at the incoming frequency, the phase shift is 
90 degrees. The RC components are contained in the frequency module (See section 
IV for schematic diagram). 


2-7. DISTORTION AMPLIFIER AND ATTENUATOR 


The output of the notch filter is coupled through a 7-step attenuator to the input 
of distortion amplifier U204. The attenuator is controlled by section S2D of the front 
panel RATIO switch and reduces the distortion product of the notch filter such that the 
full scale voltage input to the amplifier is 1 mV on ranges .03% through 100% and .316 mV 
on the .01% range. 


Amplifier U204 is a wide-band high-gain unit with gain controlled by section S2E 
of the RATIO switch. The gain is 31.6 for ranges .03% through 100% and 100 for the .01% 
range. This gives a full scale output voltage of 31.6 mV on all ranges. 


2-8. AMPLITUDE NULL CONTROL 


The amplitude null control circuit controls the amplitude of the signal from the 
cascaded phase shifter so that exact balance occurs when it is summed with the input to 
the phase shifters. This ensures the total cancellation of the fundamental signal. The 
components which perform this function include phase detector U310, floating integrator 
and voltage follower U312, integrating amplifier U311, integrating capacitors, and a 
photocoupler controlling a variable resistor element in the summing network. 
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SECTION II 
PRINCIPLES OF OPERATION 


2-1. INTRODUCTION 


The Model 1710A Distortion Measurement System consists of a flexible ultra-low- 
distortion sine-wave signal generator, a high-resolution automatic-measuring total harmonic 
distortion (THD) analyzer, an accurate ac-level meter, and dc power supplies. Pushbutton 
operation permits the operator to quickly measure voltage or power levels, set level, and 
measure distortion. 


The system makes total harmonic distortion measurements by applying a sine-wave of 
ultra-low distortion from the generator to the input of the device under test while the 
distortion analyzer measures the output from the device under test. A tuneable notch 
filter in the analyzer, mechanically ganged to the generator by the front panel frequency- 
select switches, suppresses the fundamental signal. Automatic nulling circuitry fine 
tunes the notch filter and ensures that the null is retained. The signal remaining at the 
output of the notch filter consists of the distortion products and noise. This is displayed 
by the average-reading volt-meter in the analyzer. The ratio of the measured distortion 
components to a previously set fundamental signal reference level is defined as the total 
harmonic distortion and can be read out directly on the meter in percent or dB. Switchable 
hum and noise filters are porvided to enhance the readout of the harmonic products. 


2-2. DISTORTION ANALYZER 
2-3. GENERAL DESCRIPTION 


Refer to Section IV for a schematic diagram of the distortion analyzer assembly. Note 
that the circuit is divided into the following circuit blocks: Buffer amplifier, overload 
detector, notch filter, distortion amplifier and attenuator, amplitude null filters, function 
Switches, and ac meter. The operation of the assembly is discussed first at a circuit block 
level and is then followed by details of each block. 


In operation, the signal to measured from the ANALYZER SELECT switch is connected to 
the input of the buffer amplifier. The buffer amplifier has two inputs, a fixed output 
which may be connected to the ac voltmeter, and a variable output (controlled by the ADJUST 
control) which is connected to the notch filter. The voltmeter is an average reading type 
which measures the signal level selected by the appropriate function switch. 


The overload detector monitors the variable output of the buffer amplifier. If an 
excessively high output voltage is detected, the detector turns on the front panel OVERLOAD 
indicator. 


The notch filter is mechanically ganged to the oscillator frequency select switches 
and suppresses the fundamental from the output of the buffer amplifier. The output of 
the notch filter is connected to the input of the distortion amplifier through a step 
attenuator controlled by the front panel RATIO switch. The attenuator adjusts a signal 
level for the distortion amplifier for various percentages of distortion or ratio readings. 


The amplitude null control and phase null control circuits supply the notch filter 
with its automatic nulling feature. Both circuits monitor the output of the distortion 
amplifier and feed control signals back to the notch filter. 


The sum-point buffer supplies reference signals to the tuning indicator and to the 
amplitude null control circuit. 


The tuning indicator circuit, using frequency information from the notch filter, 
provides the operator with a visual indication of the frequency being analyzed versus the 
input frequency. This circuit operates the NOTCH filter HI and LO indicators. 


_ The switchable HUM and NOISE filters are connected to the output of the distortion 
amplifier. These filters are effective on DISTORTION and dB VOLTS measurements. 
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Meter full scale sensitivity is now controlled by the 
RATIO switch as follows: 


RATIO switch Full Scale Sensitivity 
-80 dB SOY eV 
-70 dB 100 u V 
-60 dB 300 u V 
-50 dB 1 mV 
NOTE 


The HUM and NOISE FILTERS will affect meter readings in this mode of 
operation. 


LEVEL RATIO MEASUREMENTS 


The dB Volts function facilitates the measurement of voltage ratio, signal- 
to-noise ratio, and frequency response, in dB or percent. The signal-to-noise 
ratio measurement using the internal sine-wave generator of the Model 1710A as 
described below provides an example of the use of this function. 


Ensure that connections are as described in paragraphs 1-13 through 1-16, and 
Figure I-l. 


Set the ADJUST control to the CAL position and press the VOLTS/POWER pushbutton. 


Set the INPUT switch to the expected signal range and adjust the appropriate signal- 
level controls for the desired output signal, as indicated on the meter. 


Press the SET LEVEL pushbutton and rotate the ADJUST control until the meter 
pointer rests on the O dB mark for dB ratio measurements or on full scale mark 
for percentage ratio measurements. 


NOTE 


For proper 0 dB or 100 percent set level, the reference signal must be at 
least 0.1 V and not exceed 100 V. 


This step must be carried out manually; Automatic Set Level cannot be used 
for this measurement. 


Remove input signal to the device under test by pressing the OFF pushbutton. 


Press the dB VOLTS pushbutton. Select the RATIO switch range which places the 
meter pointer in the upper 2/3's of scale if possible. Read signal-to-noise 
ratio (SNR) as indicated by the meter deflection and the RATIO switch range 
setting. 


1-25. 


Set the external oscillator to the desired frequency. Set its output level to 
minimum. 


Preset the Model 1710A FREQUENCY pushbuttons to the approximate frequency of the 
external oscillator. 


Set the ADJUST control fully counterclockwise (CCW) to the CAL position and press 
the VOLTS/POWER pushbutton. 


Set the INPUT switch to the desired input level. 

Set the ANALYZER SELECT switch to INPUT. ; 

Adjust the external oscillator amplitude control for the desired input level to 
the device under test or for the desired output level from it, as indicated on the 
Model 1710A meter. Input level must be in the upper 2/3 of meter scale and at 
least 0.1V. 


Press the SET LEVEL pushbutton. Rotate the ADJUST control until the meter pointer 
rests at full scale. (If auto set level is to be used, replace this step with 
rotation of the ADJUST control fully CCW past the click to AUTO position.) 


Set the Model 1710A frequency or the external oscillator frequency so both NOTCH 
FREQUENCY indicators are off and the tuning is approximately centered. 


Press the DISTORTION pushbutton and set the RATIO switch for an on-scale meter 


reading as high as possible. If desired, press the HUM or NOISE (30 or 80 kHz) 
FILTER. 


Observe the distortion in either percentage or dB, as indicated by the meter 
deflection and the RATIO switch range setting. 


AC SIGNAL LEVEL MEASUREMENT 

The Model 1710A is an accurate ac level meter over its entire frequency range. 
The power scale is calibrated in dBm across a 600-ohm load. Voltage may be 
measured directly from 0.1 millivolt to 100 volts full scale and power from -80 
dBm to +40 dBm full scale. To measure ac voltage or power, proceed as follows: 


Ensure that the power and ground connections are as described in paragraphs ]-}2 
and 1-13 respectively. 


Connect the signal to be measured as described in paragraph ]-16. 
Set the ADJUST control to CAL position and press the VOLTS/POWER pushbutton. 


Rotate the INPUT switch for an on-scale reading with the pointer in the upper 2/3's 
of the meter scale. 


NOTE 


The HUM and NOISE FILTERS do not affect readings in the VOLTS/POWER measurement 
mode. 


The sensitivity of the ac voltmeter can be extended to 30 microvolts full scale 
through the use of the RATIO switch. To obtain this increased sensitivity, carry 
out the following steps: 


Set the Model 1710A controls as follows: 


dB VOLTS switch ----------------------- in 
INPUT switch --------------------------- “3 V 
ADJUST control ------------------------- CAL 
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NOTE 


The 1 dB/step and 0.1 dB/step switches always subtract numerically from 
the level indicated in the most-significant level switch ; j.e.: 


+16.3 dBm 


+20 -3 S| 
-.2 -54.2 dBm 


-50 -4 


To confirm the actual signal level presented to the load, set the ANALYZER SELECT 
switch to GENERATOR OUTPUT, and using the VOLTS/POWER function, directly measure 
the output level in volts or dBm (600 ohms). 


DISTORTION MEASUREMENT 


To measure the total harmonic distortion (THD) of a device under test, proceed 
as follows: 


Set the FAST RESPONSE/LOW DISTORTION switch to LOW DISTORTION and select the 
fundamental test frequency in Hz by depressing the appropriate FREQUENCY pushbuttons. 


Press VOLTS/POWER pushbutton and set the ADJUST control fully CCW to CAL position. 
Set the INPUT switch to the expected range. 
Set the ANALYZER SELECT switch to INPUT (out position). 


Adjust the GENERATOR LEVEL controls for the desired input level to the device under 
test,or for the desired output level as indicated on the Model 1710A meter. Up 
range the INPUT switch when the meter pointer passes full scale and down range 

when the meter pointer goes below 1/3 of full scale. An input level of at least 
0.1 V is needed for THD measurements. 


For percentage THD measurements, press the SET LEVEL pushbutton and rotate the 
ADJUST control until the meter pointer rests on the full-scale mark. (If auto 
set level is to be used, replace this step with rotation of the ADJUST control 
fully CCW past the click to AUTO.) 


NOTE 


If distortion is to be measured in dB, the ADJUST control should be rotated 
until the meter pointer rests on the OdB mark; this will require upranging of 
the INPUT switch one step if the initial level reading is above this scale point. 
(Auto Set level always adjusts for full-scale reference, and requires the addition of 
2dB to dB THD readings made using this feature.) 


Press the DISTORTION pushbutton and rotate the RATIO switch until the meter pointer 
reaches the upper 2/3's of scale. If desired, press the HUM or NOISE (30 Hz or 80 
KHz FILTER pushbuttons to filter noise from the input signal. 


Observe the distortion either in percentage or dB, as indicated by the meter 
deflection and the RATIO switch setting. 


DISTORTION MEASUREMENT WITH EXTERNAL OSCILLATOR 

Connect the equipment as shown in Figure 1-1, with the following exceptions: 
If possible, connect the power cord of the external oscillator to a main power 
source close to the source used by the Model 1710A, the device under test, and 


the oscilloscope. 


Connect the output of the oscillator to the input of the device under test. The 
oscillator output may be floated if this gives better test results. 


If possible, connect the chassis of the oscillator to the analyzer GND terminal 
of the Model 1710A. 
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METER MECHANICAL ZERO ADJUSTMENT 


The meter is correctly set when the pointer rests over the zero calibration 
marks on the scale when the Model 1710A INPUT switch is set to 100 V, the SET LEVEL 
pushbutton is pressed, and there is no input signal (input leads disconnected). 

To adjust the zero set: Rotate the zero adjustment screw (located on the front 
panel below the meter) until the pointer is left of zero. (This may require either 
CW or CCW rotation.) Reverse rotation until the pointer is exactly at zero. 


FREQUENCY ADJUSTMENT 


Four Multiplier pushbuttons (X1, X10, X100 X1000) and 30 Digit pushbuttons permit 
3-digit resolution of frequency selection. For example, 453 Hz is selected by 
pressing the following pushbuttons: 


Multiplier lst Digit — 2nd. Digit 3rd. Digit Frequency 
X10 40 40X10=400 
5 5X10= 50 
3 .3x10= 3 
453 Hz 


The "100" Digit pushbutton provides a 10 percent overlap in range. For Example, 
1010 Hz can be selected in two ways: 


Multiplier Ist. Digit énd. Digit 3rd. Digit Frequency 
X10 100 100X10=1000 
i} 1X10= 10 
0 OX10= 0 
1010 Hz 
X100 10 10X100=1000 
0 OX100= 0 
an .1X100= 10 
1010 Hz 


In the X1 range, operation of the frequency pushbuttons may not always cause the 
oscillator to go through its automatic stabilization cycle. If the oscillator 
amplitude appears to be unstable, momentarily set the FAST RESPONSE/LOW DISTORTION 
Switch to the FAST RESPONSE position and then return it immediately to the LOW 
DISTORTION setting. 


The OSCAF control can be used to provide frequency resolution between digitally- 
selected values. 


IMPEDANCE/LOAD CONFIGURATION 


With the SOURCE IMPEDANCE select switch set to 150 ohms or 600 ohms, the 
generator is matched to either of these load impedances except when the most 
significant GENERATOR LEVEL control is set to +26 dBm. The matched condition will 
exist for balanced or unbalanced loads, as long as the signal connections of 
paragraph 1-13 through 1-16 are used. For load impedances other than 150 ohms or 
600 ohms, source matching can no longer be achieved and the output configuration 
must be considered as a voltage divider with a source impedance as selected; the 
degree of balance will not be affected by other load impedances. 


LEVEL ADJUSTMENT 


For 150 or 600 ohms 


(1). Center the GENERATOR LEVEL VERNIER control. 
(2) Set the GENERATOR OFF switch to the on (out) position. 
(3) Adjust the GENERATOR LEVEL switches for the desired level. 
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terminals and chassis ground may lead to permanent attenuator resistor and/or 
semiconductor damage. No fusing of these signal lines is provided so that signal 
distortion can be kept to a minimum. 


ANALYZER 
Set the INPUT switch to 100 V or expected range and select the VOLTS/POWER function. 
Set the ANALYZER SELECT switch to INPUT (out position). 


Connect the output of the device under test to an appropriate load resistor, if 
required. 


NOTE 


This load resistor and the output connections should be made in a location free 
from any ac magnetic fields, such as caused by power transformers, to avoid hum 
pickup. 


Connect the output of the device under test to the analyzer INPUT terminals (14) 
with the shielded twisted-pair cable (15). Connect the shield (16) of this cable 
to the INPUT GND terminal (1); do not connect the shield (17) at the device under 
test. 


NOTE 


In environments with high electrical or radio-frequency noise it may be 
necessary to use a shielded dual bananna-plug connector such as the Pomona Type 
1921 at the analyzer INPUT terminals, as well as an appropriate shielded connector 
at the output of the device test. 


Each INPUT terminal has its own input attenuator and buffer amplifier. 
Input impedance is 100 Kilohms from each terminal to the Model 171UA system ground. 
The true differential input circuits of the Model 1710A System help break the 
ground loop that causes 60-Hz pickup on the input leads of most measuring equipment. 


Do not connect one channel of the oscilloscope directly to the output of the device 
under test as this can reduce the noise rejection capability of the Model 1710A 
System differential input circuitry. If it is absolutely essential to monitor this 
Signal, leave the ground lead of the scope channel disconnected from the device 
under test. / 


OPERATING PROCEDURES 


DO NOT EXCEED THE FOLLOWING ANALYZER INPUT VOLTAGES, TO PREVENT BLOWING FUSES 
Fl and F2, located inside the 1710A. With INPUT range switch set to 3V or lower: 


(1) 300 V below 60 Hz 
(2) 50 V above 1 kHz 


TEST CONNECTIONS | 
Before making measurements with the Model 1710A System, ensure that the 


equipment has been connected as shown in figure 1-1 and following the instructions 
given in paragraphs 1-13 through 1-16. 
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POWER CONNECTIONS 


Check that the power slide switch on the rear panel of the Model 1710A is set to 
the correct position for the available ac power (see paragraph 1-3 for details). 


Do not float the earth ground of the power cord of the Model 1710A. (The analyzer's 
differential input makes this step unnecessary for breaking ground loops.) 


Plug the Model 1710A, the device under test, and the oscilloscope (if used) into 
the ac power bus as closely together as possible. 


GROUND CONNECTIONS 


Connect the Model 1710A GND terminal at the analyzer input (1) to the ground 
terminal, or chassis ground, of the device under test using as short a lead as 
possible of at least No. 18 AWG stranded wire. This reduces common-mode potential 
between these two devices. In a strong hum or RF field, this connection is essential. 


Connect the oscilloscope (if used) to the INPUT MONITOR BNC connector (2) on the 
Model 1710A via cable (3). 


NOTE 


This output is from the differential to single-ended converter in the Model 
1710A which provides a replica of the input signal. This signal is referenced to 
ground. 


If a BNC cable is not used for this connection, the oscilloscope common (low) 
ria must be returned to the Model 1710A GND terminal (1) via a direct connection 
4). 


SIGNAL CONNECTIONS 


Connect the oscilloscope (if used) to the OUTPUT MONITOR (5) via cable (6). 
This permits monitoring the distortion products of the signal being analyzed. 


GENERATOR 


Set the OUTPUT IMPEDANCE selector switch (13) to 150 ohms or 600 ohms as desired 
for the device under test. é 


Set the 10 dB level switch (7) of the GENERATOR LEVEL controls to -80 dBm or to a 
known safe operating input level for the device under test. The other level switches, 
as well as the VERNIER control and the OFF switch, can be at any setting at this time. 


Connect the shielded twisted-pair cable (8) between the GENERATOR OUTPUT terminals 
(9) and the input terminals of the device under test. The shield (10) of this cable 
should be connected to the GENERATOR OUTPUT GND terminal (11) only, and not to the 
chassis of the device under test (12). 


NOTE 


In environments with high electrical or radio-frequency noise, it may be 
necessary to use a shielded dual bananna-plug connector such as the Pomona Type 1921 
at the GENERATOR OUTPUT terminals, as well as an appropriate shielded connector at 
the input to the device under test. 


If the input to the device under test is single-ended,convert the balanced 
output to unbalanced by connecting a short wire (about 1 inch) between the generator 
GND terminal and the adjacent output terminal. Once this ground connection is 
made, a single conductor shielded cable can be used to feed signal into the device 
under test. 


Be certain that no significant voltages will be presented to the GENERATOR 
OUTPUT terminals from the device under test. Voltages greater than 7 volts rms 
across the balanced output, greater than 5 volts rms from either balanced output 
terminal to the CT terminal, or greater than 200 volts rms between any of the output 
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ANALYZER SELECT/GENERATOR OUTPUT switch -- Selects the input to the analyzer circuits 
from the INPUT terminals or the GENERATOR OUTPUT TERMINALS. 


INPUT switch -- Selects full-scale meter range for ac level measurement function. 
Readings are in volts rms or dBm (600 ohms). Also selects input range for Total 
Harmonic Distortion and Ratio measurement functions. 


RATIO switch -- Selects full scale meter range for Distortion and Ratio measurement 
functions. Readings are in percent or GB. 


OVERLOAD indicator -- Lights when INPUT switch setting is too low or when ADJUST 
control is set too far clockwise. This warns operator that measurement is no 
longer accurate. 


SET LEVEL ADJUST control -- Adjusts reference signal level for Total Harmonic 
Distortion or Ratio measurement. When control is set to CAL position (maximum 
counterclockwise, before selection of Auto Set Level, if provided) RATIO ranges 
ane level measurement to 30 Microvolts or -90 dBm full scale (refer to paragraph 
1-25). 


FILTERS -- HUM pushbutton selects a filter which suppresses low-frequency signals 
THD/VOLTS (such as 60-Hz hum) below 400 Hz. NOISE pushbutton selects a filter which 
suppresses high-frequency noise above 30 kHz or 80 kHz, as selected. The NOISE filter 
helps reduce effects of AM radio station pickup. The HUM filter is usable with fun- 
damental frequencies down to 400 Hz when making distortion measurements. Both filters 
affect readings only on Distortion and Ratio measurement functions. They do not 
affect meter readings on VOLTS/POWER, and Set Level measurement functions. 


NOTCH frequency indicators -- Facilitate analyzer tuning when using an external 
oscillator. When LOW indicator is lit, analyzer frequency is low with respect to 
incoming signal; when HIGH indicator is lit, analyzer frequency is high with 
respect to incoming signal. Analyzer is correctly tuned when both indicators are 
extinguished. (It is normal for one of these indicators to glow when there is no 
signal input to the Model 1710A. ) 


METER -- Indicates signal level of measurement selected by ANALYZER function pushbutton. 


INPUT MONITOR BNC connector -- Provides replica of input signal being analyzed. 

This signal is referenced to ground and intended to be connected to an oscilloscope. 
Output is 316 millivolts for full-scale meter deflection in Set Level mode with 
INPUT range switch equal to or more than 0.3 V. 


OUTPUT MONITOR BNC connector -- Provides replica of distortion products of signal 
being analyzed (suitable for viewing on oscilloscope) on VOLTS/POWER, SET LEVEL 
and DISTORTION measurement functions. On Ratio measurement function, this output 
provides a scaled version of input signal. Output is 31.6 millivolts for full- 
scale meter deflection, and is referenced to ground. 

AUTO SET LEVEL 

Refer to Appendix A for a description of this control. 

INTERMODULATION DISTORTION (IMD) ANALYZER 


Refer to Appendix B for a description of the IMD Analyzer controls. 


TEST: SETUP 


In order to take full advantage of the ultra-low distortion measuring capabilities 
of the Model 1710A system, it is extremely important that the cabling between 

the Model 1710A, the device under test, and other test equipment be connected in 
compliance with the arrangement shown in Figure 1-1 and described in the following 
paragraphs. The connections and controls numbered in Figure 1-1 are similarily 
identified in the text. These connections have been found to provide the optimum 
test setup in most cases. 
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AC INPUT 
POWER ON switch -- Connects ac Power to Model 1710A System. 
SINE WAVE GENERATOR 


FAST RESPONSE/LOW DISTORTION switch -- Selects operating mode of oscillator. FAST 
RESPONSE causes oscillator amplitude to settle quickly after a frequency change. 

This mode is recommended when ultra-low distortion measurements are not required, 
for example when making frequency response measurements. LOW DISTORTION selects 

full ultra-low distortion capability of oscillator. The settling time in this mode 
is less than 5 seconds. Actuation of the FREQUENCY pushbuttons generally causes the 
oscillator to go first to the Fast Response mode and then settle in Low Distortion 
mode. This switch controls only the oscillator and is not connected to the analyzer. 


OSC FAST RESPONSE indicator -- Indicates operating mode of oscillator. When lit, 
oscillator is in Fast Response mode and does not have ultra-low distortion. 


FREQUENCY pushbuttons -- Simultaneously select generator and total harmonic distortion 
analyzer frequency. Four multiplier switches and 30 digit switches permit 3-digit 
resolution within each range. Frequency range of Model 1710A system is 10 Hz to 

109.9 kHz. One button on each row must be pressed at all times. 


OFF switch -- Disconnects the generator while maintaining the source termination of 
the output terminals at 150, 600 or zero ohms (+26 dBm position on 10dB switch) 


GENERATOR LEVEL switches -- Allow selection of calibrated output levels into 150-ohm 
or 600-ohm loads when VERNIER control is at mid-rotation. These levels are from 

+ 26.0 dBm to - 89.9 dBm (Note that since the VERNIER controls has a range of 

+ 1 dBm from this midpoint setting, the full range is from + 27.0 dBm to - 90.0 
dBm.) For other load impedances, output levels are not calibrated but may be - 
measured directly across the load by placing the ANALYZER SELECT switch in the 
OUTPUT position while using the analyzer in the VOLTS/POWER function. Signal 
clipping can occur for loads of less then 150 ohms in the +26 dBm position on the 

10 dB switch (the generator source impedance is fixed close to zero ohms). 


VERNIER control -- Varies the output level linearly + 1 dB from nominal. 


OSC AF control -- Varies the oscillator frequency by + 3/4 of the least sianificant 
digit. This setting does not affect the nominal center frequency of the total 
harmonic distortion analyzer, nor its ability to null on the generator signal. 
GENERATOR OUTPUT terminals -- Provide direct-coupled and balanced generator output 
with a mid-point reference (CT) terminal. Output floats with high isolation with 
respect to chassis ground. Generator GND terminal is fused on rear panel (1/32 A, 
fast-blow). 

SOURCE IMPEDANCE switch -- Provides 150-ohm or 600-ohm source impedance as selected, 
except that source impedance is near zero ohms when + 26 dBm position of most- 
significant GENERATOR LEVEL switch is selected. 

TOTAL HARMONIC DISTORTION (THD) ANALYZER 

INPUT terminals -- Provide connection for external signal being measured. 
VOLTS/POWER pushbutton -- Selects ac level measurement function. 


SET LEVEL pushbutton -- Selects Set Level function whereby meter displays reference 
Signal level for Total Harmonic Distortion or Ratio measurements. 


THD pushbutton -- Selects Total Harmonic Distortion measurement function. 


dB VOLTS pushbutton -- Selects Ratio measurement function. 


SECTION 1 
OPERATION 


1-1. SCOPE OF SECTION 


This section contains information and instructions necessary for the operation of the 
Sound Technology Model 1710A Distortion Measurement System. Included are power requirements, 
cabling information and operating instructions. 


1-2. INTRODUCTION 


The Model 1710A Distortion Measurement System combines a flexible ultra-low-distortion 
sine-wave signal generator, a high-resolution automatic-measuring total harmonic distortion 
(THD) analyzer, and an accurate ac-level meter in one instrument. Pushbutton operation 
permits the operator to quickly measure voltage or power levels, set level, and then 
measure distortion. ; 


The generator section provides a pure sine-wave oscillator signal for testing from 10 
Hz to 110 kHz. The generator output is direct-coupled (no transformer) and is balanced 
and floating with respect to ground. Either side can be grounded without any level change. 
The output impedance can be set to either 150 ohms or 600 ohms (except for levels greater 
than +21 dBm), and discrete calibrated levels in 0.1 dB steps can be selected from +27.0 
dBm to -90.9 dBm(decibels relative to 1 milliwatt into 600 ohms) into 150-ohm or 600-ohm 
loads (17.32 V rms maximum). The level across any load used can, in addition, be directly 
measured within the instrument. An indicating off switch disables the generator for 
convenient signal-to-noise ratio (SNR) measurements. 


The analyzer section contains a tracking notch filter which is always tuned to the 
generator's frequency. The analyzer measures total harmonic distortion with a sensitivity 
ranging from 100 percent to .01 percent full scale, with automatic nulling on all ranges. 
Active filters may be selected for hum and noise suppression, enhancing the measurement 
resolution. A differential front end rejects common-mode noise. 


The ac signal-level meter in the analyzer measures ac voltage, or power in dBm. The 
measurement range for ac voltage is 0.1 millivolts to 100 volts full scale (30 microvolts 
using the RATIO switch described in paragraph 1-25), and for power is -80 dBm to +40 dBm 
full scale (-90 dBm using the RATIO switch described in paragraph 1-25). Ratio measure- 
ments with 100 dB or more of dynamic range can also be made. 


1-3. INPUT POWER REQUIREMENTS 


The Model 1710A System may be operated from nominal 115-volt (90 to 130) or 230-volt 
(180 to 260), 50 or 60-Hz power SOurces. A two-position selector switch on the rear panel 
selects the nominal voltage; before connecting the instrument to the power outlet, check 
that the selector switch setting matches the vottage ef the source. 


The Model 1710A System is protected from ac power overloads by a fuse (1A, fast-blow) 
located in a cartridge-type fuse holder on the rear panel. 


1-4. POWER CABLE 


The International Electrotechnical Commission (IEC) recommends that instrument panels 
and cabinets be grounded to protect operating and servicing personnel. The Model 1710A 
system is equipped with an IEC-approved three-conductor power cable assembly which, when 
plugged into an appropriate outlet, effectively grounds the unit. 


1-5. CONTROLS AND INDICATORS 
The data sheet at the front of this manual illustrates and describes briefly the Model 


1710A Distortion Measurement System's front panel controls and indicators. The following 
provides additional explanatory information. 
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FIGURES 


Model 1710A Test Setup 

1.06 kHz Twin-T Network 

Balance Check Test Setup 

Balanced Load Test Setup 

Analyzer Board Parts Location Diagram 
Distortion Measurement System Schematic Diagram 
Oscillator Board Parts Location Diagram 
Oscillator Schematic Diagram 

Balanced Amplifier/Attenuator Board Parts Location Diagram 
Balanced Amplifier/Attenuator Schematic Diagram 
Power Supply Board Parts Location Diagram 

Power Supply Schematic Diagram 

Frequency Module Schematic Diagram 
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Specifications 


ANALYZER 


Input Impedance: Balanced, 100kQ2 shunted by < 400 pf, each side 
to ground. (400 pf includes capacitance of input rf filter.) 


Input Monitor: Reproduction of input signal referenced to ground, 
0.316 Vrms corresponds to full scale meter deflection. 


Output Monitor: Reproduction of distortion products when measur- 
ing distortion, input signal when measuring ratios (dB VOLTS). 
31.6 mVrms corresponds to full scale meter deflection. 


Meter Response: Responds to average value of measured waveform. 
Calibrated r.m.s. 


Common Mode Rejection: > 40 dB at 60 Hz. Decreases to 25 dB in 
distortion or ratio (dB VOLTS) modes with SET LEVEL ADJ. 
fully CW. Remains > 40 dB with AUTO SET LEVEL (Opt. 003). 


Maximum Common Mode Voltage: Equal to input voltage range 
setting or 1V, whichever is greater. 


Input Filters: Usable on distortion or ratio (dB VOLTS) functions. 
Noise: 3 dB down at 30 kHz or 80 kHz, 18 dB/octave rolloff. 
Hum: 3 dB down at 400 Hz, 18 dB/octave rolloff. 60 Hz rejec- 

tion > 40 cB. 

Residual Noise (referred to input): < 5uV with 30 kHz noise filter, 
< 8uV with 80 kHz noise filter, < 15uV with noise filter out. 


TOTAL HARMONIC DISTORTION MEASUREMENT 


Fundamental Frequency Range: 10 Hz to 110 kHz in 4 overlapping 
ranges with 3 digit resolution. Distortion analyzer is tuned simul- 
taneously with oscillator. 


Frequency Calibration Accuracy: Better than +2% of selected fre- 
quency. 


Input Voltage for 100% Set Level: 0.1V to 100V 
Distortion Range: .01% to 100% full scale in 9 ranges 


Distortion Measurement Accuracy Including Autonuli Error for 
Harmonics to 300 kHz: 


Fundamental 2nd through 5th 
Frequency Harmonic Accuracy 
10 Hz - 20 kHz +1 dB 
20.1 kHz - 50 kHz +2 dB 
50.1 kHz - 110 kHz +3 dB 


Residual Distortion: 


SPECIFICATION LIMIT 


ea at a ite Pa 


TYPICAL set 


0 : ———— —_—__—- 
10 20 50 100 200 500, | 1K (2K 5K 10K 20K 
FREQUENCY (Hz) 
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Above 20 kHz, residual distortion is .007% to 30 kHz, <.02% 
to 50 kHz, < .05% to 80 kHz, < .1% to 100 kHz. 


Noise: If distortion products of the signal under analysis are signifi- 
cant, residual noise will be reduced by the average responding 
meter. Worst case noise (80 kHz filter in) is .0025% to 10 kHz, 
.003% to 20 kHz with the measured signal greater than 0.3 Vrms. 
At lower signal levels the noise spec of the voltmeter applies. 


Automatic Null: Operates on all distortion ranges. Automatic null 
time < 6 sec when used with internal oscillator. 


Fundamental Rejection: > 100 dB 


VOLTAGE/POWER MEASUREMENT 
Frequency Range: 10 Hz to 110 kHz 


Input Range: 100uV to 100V full scale (-80 to +40 dBm across 
60022) in 13 ranges. 


Voltage Accuracy: +0.2 dB (+2%) 20 Hz to 20 kHz 
+0.6 dB (46%) 10 Hz to 110 kHz 


Note: To use noise or hum filters on voltage measurements and also 
obtain extended voltage ranges, use dB VOLTS function with 
SET LEVEL ADJUST control on CAL. (INPUT switch on 
0.3V and RATIO switch on -80 dB provides maximum sensi- 
tivity of 30uV full scale.) 


RATIO MEASUREMENT 


VOLTAGE/POWER measurement specifications apply with the fol- 
lowing additions: 


Input Level for 0dB Reference Set: 0.077V to 77V (-20 to +40 dBm 
across 6002). 


Accuracy: +.2 dB, 20 Hz to 20 kHz 
+.6 dB, 10 Hz to 110 kHz 


GENERATOR 
Frequency Range: 10.0 Hz to 110 kHzin 4 overlapping ranges. 


AF Control: +% of least significant digit. (Permits continuous fre- 
quency coverage.) 


Frequency Accuracy: +2% of setting, AF control centered. 


Output Level: Calibrated +26 dBm to -90 dBm (referred to 60022) 
into 1502 or 6002 loads. 


Output Impedance: 150 or 6002, +0.1% (< 2.02 on +26 dBm step) 
balanced and floating. 
Frequency Response (referred to 1 kHz): 
Balanced Loads: +0.1 dB, 10 Hz to 20 kHz, +0.25 dB above 
20 kHz, all ranges. 
Unbalanced Loads: +0.2 dB, 10 Hz to 20 kHz, +0.6 dB above 
20 kHz, +26 dBm to -80 dBm. 


Attenuator Accuracy: +0.15 dB (1.5%), any setting. 
Balance: > 70 dB to 20 kHz, > 50 dB above 20 kHz. 


Distortion (Low Distortion Mode): 
Output level to +26 dBm with 6002 load, +20 dBm with 1502 
load: 


SPECIFICATION LIMIT 


Se 


TOTAL HARMONIC 
DISTORTION (%) 
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TYPICAL ae 


10 20 50 100 200 500 1K 2K 5K 10K 20K 
FREQUENCY (Hz) 


Above 20 kHz, distortion is < .007% to 30 kHz, .02% to 50 kHz, 
.15% to 80 kHz < .35% to 100 kHz. At +26 dBm, 1502 load, 
distortion increases by a factor of approximately 2 above 5 kHz. 


Hum and Noise: 120 dB below 0 dBm, 6002, balanced load (100 dB 
for unbalanced loads) or 100 dB below signal level, whichever is 
greater. 


GENERAL 


Dimensions: 17.2 inches wide, 11 inches high, 14.5 inches deep. 
Power: 90 to 130V or 180 to 260V, 50 to 60 Hz, 36 watts. 

Weight: 25 Ib., Rack Mount option adds 1.5 Ib., IM option adds 5 Ib. 
Shipping Weight: 33 Ib., Rack Mount adds 2 Ib., IM adds 5 Ib. 


Data subject to change without notice. 


Printed in U.S.A. 9/76 


ERATE RELI TIE SR PATI II AILS BIE 


ors 


CT RESUS ELBE ATE 


BEE: MODEL 1710A 


daq| DISTORTION MEASUREMENT 
ea SYSTEM 


EMENT SYSTEM 


ON MEASUR' 
sd a : DISTORTION MEA: 
Pe Aeomrag wots t : 3 ne TECHNOLOGY 


: rs Ts 
SOLON a 558 


[255-40 
oliewet Zhe Se F 
A arzraaverd 


rote 


Se. fe 


A WEP 
oor erent uM Vo 1a 
Mie oe? a 
Peote Eas 
ff ad ot OCF KIPLIT 
400s ts 


ene AG S 


Bike 


qcaKe 


Tore e POWER 


> @ 


SERIERATE ae OTR" 
ise! 


INPUT 
BALANCES 
at 


BALANCED 


"st ic Sei Sheeran root essnbepaienbhinin é 


gee, roseqea®? 


eto 


ema! A distortion analyzer and oscillator 
iin simultaneously tuned in one fast and easy-to-use system, 
Use the .001% distortion balanced and floating oscillator for testing from 10 Hz to 110 kHz. 


Measure distortion down to .002% in less than 5 seconds. 
Fully automatic nulling eliminates balance controls. 


4 
y 
" 
if 

e 6 @°e 


Measure ac voltage 100 uV full scale to 100V full scale with 2% accuracy. 

e Measure power -80 dBm full scale to +40 dBm full scale. 
: rae aa © Measure voltage or signal-to-noise ratios with 100 dB dynamic range. : 
sia sotto e Balanced input measures floating or balanced sources, reduces ground loop and noise pickap 
Casi be e Automatic Set Level and Intermodulation Distortion Measurement optionally available. 
PStLiSta> e Designed for use in strong rf fields. : 


t * 
‘ieee SOUND TECHNOLOGY 


4 

2) 1400 DELL AVENUE 
CAMPBELL, CALIFORNIA 95008 
sige (408) 378-6540 


Price $20.00 


MODEL 1710A* 
DISTORTION MEASUREMENT 
SYSTEM 


SOUND TECHNOLOGY 


SERIAL NO. 


SOUND TECHNOLOGY, INC. 

1400 Dell Avenue 

Campbell, California 95008 
A 


U.S.A. 

(408) 378-6540 
COPYRIGHT 1977 
*Patents Pending 


February 1977 


oan oe ; 


ree \ it ‘ 
of. Stee See - 

J io vale 
erie ual 


eae 
f o 


a . 
t fl >t 
4 


| Seas tHE 
eG 


east 


itanteetieiees inde 


era it abs ue red 


Sntiiindiiibenaet adie an 


Re ge ogee 2 


r 


R ie ~ ea”. : as 7 ‘iat to 
- 7 ion vk 1 ¥ : ‘ "5 
he : ayaa 
7 _- 4c ; - ‘ - 7 ‘ _ { 
oe | aBre: 7 tGe Thu! Sw < h ; a | : 4 
2 ON Ted — bin Wea, Mv tae 4 


; 
Ts Rds uw “WSK - | ' : ; 4 z 
"Se oy . 


Wet er; ‘a 
* ehiiz ts au . i 
- ; } 
Ss fa 


ING AE 4 | — 
~~ a ‘ he =»* oil 
~- hy “44 a, MOSS : 
PEN TEX... Segre edi 
; we x4 a 722 ‘eed ‘i m 
Srey es 4 are 


<348 ‘S OSS beara. . : 1 _ 
; - ie 


ere ATS ae - 


. ee’ o ani 3. : v rs nd 
Say Me. - 


ASI ‘ q 


MODEL: 17 10A® 0 naomi igiletia iean ae 
DISTORTION: MEASUREMENT] 0) @\ iS caio aniia 
SYSTEM ng a 


SOUND TECHNOLOGY us 


‘ 


SERIAL NO. _ 


e 


z-% “9I4 
VOIZI W31SAS / 
AN3WN3UNSW3N NOILHOLSIC 


; OO} 
a a i ae Ie Saas = i ———-5 : — 2M Tico 
(ONIGSd SINDL7d) t ' ‘ 
JOP'BL6'E ON INDLvd SN ' indi NO woLWHSN3O AOL 0, £7081 
1 Woes =Jl te iis} 
(oLLyW3H9S G4vOS H3Z/1VNV WI 335) z z e + o 
1 "G3 71¥LSNI SI NOILdO Wi N3HM JO1M HOE /ZHNO8 
-- -- --——_-- == ae a = = = Ay foes ze a a ae a 1 AyTaW HALIM G09 71034 Si ZM HaaWnr oa ee ° ¥311l4 LONI 
TON 310N 2 "1989 
Ld Use HOLIMS 10373S Y3ZATWNY: -- -- -- --4 
#700! 1 400) Provence 1 ' = == es = a 5 
BOED 7 cons 1OES N 1 NI mu ! woz e $41 
Ao- ASI- : y 1 W— ASO | i es fo 
xs"! 1 : 
eee poe 7O8'2 SASI'L 
1S CSAS 27128 nl ESCENZ 
ao 
aszs ? rs je, 75'2- OS \ ! > a 
€ Azoe FT syria} 1 € aS moh 
rh e s > Fe Andino’ ae azz 2eEo" s%etO" | +"EEO" § aS — 
° ° ‘i ’ ie etal Bees: AZZ FozEa | eID 2EID TS EEID pi eles Soa x! WW. eitaae H ' 
con ‘ly eres idea H (2HOOb) H3LTI4 SSvd-IH (@H408) ¥31114 SS¥d-07 ' eis EI a aon 
WIS - Leen Ae] as) Lise 4 ede Me 8 itd Loin zela 
4 wit PEM RS pete 30e at a east : a 
--—__-- | n 470 ceiz 4am ,-+— 22 
re Le | o-¢ ree R eas é ea ie ' \ 
— "ES rN ea sdi ot AVOTUSAO eri> : ; 
oteD uu > 
aes [or eves J Azee 8 L = 
sens xt be oy 0 es a Ams 20E (ON 240N 335) i YOLDS1450 GVOTYSAO 
sre 1 1 ca S L_@i) ao ee 1 Zac 7 a 2 : = a3 al 3 rahi aA 
H 1 7 2 voErND mone ! ' 
fe" ] A at m” fie Tt o LON 
. zeea | 
| CA? vA SEED , . | 
| YOLINOW | | | | 
H 4 ONT Syst 1s 1 
1 1 its = == Se es == Ss aes at 
1 | 
(i TOYLNOD TINN ASVHd YOLVOIGNI ONINAL fa 
es ah = 22 ae aie == = Se | bn oh = By = a= ane sto = == <= = = = =o — = J 
6 


x01 xO! ze 
wtiz ezia 
+ + vil’ 
zOla 


Ate-ys ez L 


1 

! - 5 a SS 
cce> A rh A 

| 6 

4 MiarLoisT 


Ag- 
Seanpeiga 
H = Ste] ie 
T 
voea zoen yt |* 
gm 1cen 


JOHLNOO “HAN SqnLndNy RSL rare sets 
sia hes el petal ec llco ae | _Y344NG_LNIOd-WNS 2% 


320) 


fo) 

0 

’ 
a] 


De WaHDS DWLrwIvos i 
2MOOW O82 >26L ITIOW O79F 
OL FFA vdl O 2074 OL YFFL 


4NdLNO sTeviawA 


ella Wa>  6olao 


0 


voz Lecz. 


227m 


o69 
etre 


! 

' 

! 

' 

oes | 
ezza . ' 
| 

| 

| 

1 

| 


HOLIMS 


ro) era 
z Lt%2a AN awe 
[Joe aS ze rom ae) 4020 ze CEES 
P s "12 069 
a, a E913 Sey asala der5 
ixie i i Feo versie 
> a | O%E Sita) isid avon 
Srte arte ez -F — ff ery ULL A fee NS lll fee ene nn nH s-=------ fort 
GeI9 ° ' = we | 
zazs PRES ECTaD 2CEABD 1CzBD zozs 1 ao <p 
z >s! msis | dWV3ed 4313 
nia Pe olivy) 
a mS ortws) 
ft 


i» is: 


YAlsNdNV NOLLYOLSIG ' — YOLVNNSL LV 


dAV Y¥3s4s5Nd 
--———— -- — oe an - -- -- 


“ : 
~ 
\ 
‘ 
. 
a 7 
-—— _— 
m ie aimee —é 


‘ 
a 
Shae 
5k 
Se § 


. om © <4 Omens 
- rae 6 
i q 
; 
Ap 
s 
% 
- 
; 
4 
| 
. om 
whe 
7 
in a 
r 
i 
5 
; 
i 
{ 
A tenmoie * 
ie 
7 } 
+ % 
3 : 
- 
| 
i 4 
a : oon aes Ad 
“a 
“dy I 
} pyres 
+ 
\ 
ny 
Saves 
pe «4 ae 
: ms 


“as Caer > 
' 7 


#910 0a 


“aly 


emenchibeiiees Lalhemaae 


ped .. 


(ny Say a 


ae 


er 


vr 


APPENDIX B 


USER'S MANUAL 


SOUND TECHNOLOGY 
MODEL 1710A OPTION 004 
INTERMODULATION DISTORTION ANALYZER 


SOUND TEHCNOLOGY 
1400 Dell Avenue 


Campbell, CA 
UsS.A. 
(408) 378-6540 


95008 


CONTENTS 


SECTION I - OPERATION 


1-2. 
1-3. 
1-4. 


SECTION II 
2-1. 
2-2. 
2-3. 

SECTION ITI 


3-1. 
3-2. 
3-3. 


3-6. 


SECTION IV 


NI 
4-] 
4-2. 
4-3. 
SECTION V 
5-1 
5-2 


GASUPEMENIERICCHNIGUCS eh re EME se celle et ee sh ae lay el, toilets Usp ele as 
IMD SODA OMsRIrMER Nice ice ect syle s,s +e ee hehe Fae at epee ts GENRES ah Ee 
CONEKORSMONGMING! CAaLOLS rym ss ss ers we pees el el Rae Gi eee Pie, 
Operal ince nsecucts ONS wer rmememes ce patiw doce ce ee Me) Slr OR hye) faut, 


1-5. Test Set-Up. ... 


WRIA ea Oy 2@)0 Ou 62) 16) els el Se ce wes (6). eo ver set tis: “@ <6 wer se. fe 


1-6. IM Distortion Measurement with 4:1] or 1:1 LF:HF Amplitude Ratio. . 
1-7. IM Distortion Measurement with Non-Standard LF:HF Amplitude Ratio. 
1-8. IM Distortion Measurements with Auto Set Level. ........., 


PRINCIPLES OF OPERATION 
Introduction aurea. 
IMPSignalySourcey aie wefan. 
IMSAnalyZePels. tiles ke lew 

MAINTENANCE 
INCVOUUCUION: si ee be deere. 
TeSt (EQUADINENT 2 ta, . gays 
Performance Check. .... 
3-4, Introduction... 


3-5. Intermodulation Residual Distortion Test 


Adjustment and Calibration 


3-7. Oscillator Adjustments 
3-8. A oUEDAVEGORECOMPLUPTICEUNECK . osc.) a) cite e lie et woe ke er 
3-9. Peak Detector and THD Signal Level Adjustments .......... 
3-10. BOSD LEN VALUREDEGCECLOF LOTTSeECNULT re, em ua iitiele sak 


3-11. IMD Measurement Cal 


3-12. AUUOROCEAL GVO (SLCC Cree rcllss hao ch ay Meet tei Matas WEN ENA OPUS vies 


Troubleshooting. . 2001. . 
Symptom/Cause Table. .. . 


Component Replacement-Calibration and Adjustment. ............ 
PetesSMON OWE SSLOVLIONLUSCIIPALON, bce ss ey 8 ee is wo ae 
Modifications for Europe and Japan. ..... 


3-18. -DIN (Europe)... 
3-19. 50/60 Hz Operation 
DIAGRAMS 

ENRROGUCEMON wae das. Souls ts 
Schematic Diagrams... . 
Component Location Diagrams 
SPARE PARTS 

Introduction 

Ordering Information 


Ce Ee SOO eke Be We LO) 6 ee re ce" eal 6 a emeber ie (tres sD aer ae 
SOMES 6466! Se ve (6 Br oy Sy ee Sle ets evel gier «© peli Teo «er Ys. 


Sa) ete, 0) 7 67 6. Fe Oe 6. me eH eel eee eS 06 een me Ot eRe ae: ae 


PS OCCOUNE Tet kote ict Pete Men eee ee eee 


Bw eee Sele 6 ) ey ue) ve (err a we Cale Cen let ie, o te oer, Yen, Per aa ale) 


TMalet RAL TIM, sey euler Maule LAUR SLCC seam (coat © Cie 


oreo bee) @1 @ ) Ve) Nematode es we él ey et Se fe) eu, el Ce er ere te et 


OO Owe) ) 8) 4 eS ee . isi ®:) a OF) Or Fel el) fe a sie et) we a OEY On ok 


o on P a cist ao), Ae er tee .60 Se See ye) a ei wey) alge, Oh area tae it Ser ie) ae Bay 


OAD ANY ee Wee ee tnern hs. eal aA tel dats Rage 


ieee eure ike) 4a. 6 | eS Sh em | te le) ew FNS) Ole Fes) te lt te | Mem ive” aes Me 
aL Nomen wie |e 16, 16) de Ole le Liew a). 0° SB) Xp Pay tewor ye? Veil Vie Mewes.) Ler Fe 


ememecehile a) 6. c6y eo 6! 26 6 we Ce -\ a oO ie el Mela er | el. Keane we | ten be 


WWOWWWWIWWOWIWIWAIWOIWIWOWIAOWOD DW 


i 1 1 ' i 1 ' 1 1 
SNH OD Qn ns S & MN NM 4 eS 


! ' ' ' t 1 4 


WW WW WWW WW WW WW WWW WW & 
' 


ql eat he | se 


a= 


Pre ees eh ee ee ‘adie dene Se rape as 
Boe ee ened a 1. trninas2 nuke th eaeieiinaets rattan enema | 
ae 5 tue Tage A PRSTE TON ORE “gee SUR ECAT wt i 


: By et dives: MET ARS MC), A. 2 i a Lb 


4 ; 4 
j int gas ey hess th ae ha are Syniice Deng L ov Bek 


q , rl wah Ao wml, we ‘ Puty 


7 ; Te ey 
‘ is 4 by by | ¢ ‘ rs ; 54 i yf 7 
‘ - wes TS iF }4.- (AUD —. “Sy 14s he oe ; 4 x 
: ba) - ‘ iH) OS LA ee Peed Pate, oro 
. Fost Re ae ei Wor ta . 6 in Ut 
at ‘ a . STU BS 3G Pen ye aL, 
* J 7 v% . Hyper’ — 7 oae 
t “ ‘ 
‘i Fide 4 i ae 
+ if yma i + | £ ¥ 4 bi >> , : = v * 
+ * - , ‘ 2 © be cast 
“iy Sys) i Av aie al 
} ‘ 
* 
’ id rye « (yy ot} a ef, 
i - * . = — 
£ a ) 
tf ret ACh Bk fs | '* Cid ag ‘ ae é 
D Ta A 
d 7 loth , iq a. ot ) ao 
. LS ow na ~ 7 . Waa 
t ‘TT e2uh werd au, mes! 
é z + = - 4 tl, * Ff 
1 ; “ » ee | » 1 ye! xy > — 
an nat , wre od spe i 
~ — 4 
‘ Ke i : f CFG i ri 4 : a) ‘el 5 
' ., i 7 nk: ; . nx = 
* H : - ‘ " z 49 
aa ’ ‘ A. aS 
: ; ' A OH le ‘ : 3 7 
, ‘ ‘ a ) \ ; 7 ‘As ,] 
ae F iiees s . CRAGAAGE tebe 8) 
‘ " ! y R : 7 ee Tapio gens» 
: ‘ ) ya al iy <a s3** J 
‘ 
- & : 
- i ‘ "I Sias Di salina = cn ponkhiy 2, 
=F - a a 
of a ; ‘ Manica y< 80 hl Paes Jone). as 
: - . ri ys » , : Le AS se 
2 : ii : TRES tse} © Pons Se 
: P ' - roppns +2 mat mite ae ema 
= : 4 | a) ; 
+ , } , : mere aN al et 4 


- Lr fr 
etal aitepiewes so 
' - 7 : 


{ 
ve 
‘ 
oy, 
pai 
' 
pow 
ff. 
f 
¥ a ve 
1% + 
es 
¥ Fs 
( i 
f ; a 
ain S i 
t $ 
Hn? | Ye 
ali 


we a 
h i. i My 


SECTION I - OPERATION 


This Appendix provides operating and service information for the Model 1710A 
Intermodulation Distortion (IMD) Analyzer Option 004. The information contained in the 
Appendix pertains to the IMD option only. Consult the Model 1710A manual for additional 
information regarding primary power requirements, grounding details, and cabling instructions. 


1-1. MEASUREMENT TECHNIQUE 


The IMD option is based on the SMPTE (Society of Motion Picture and Television 
Engineers) method to measure IMD whereby a large 60-Hz signal is combined with a small 
. 7 kHz signal in a four-to-one amplitude ratio. Passing this combined (composite) signal 
through a non-linear device results in the appearance of new frequencies above and below 
7 kHzin multiples of 60 Hz. The effect of these new frequencies is amplitude modulation 
of the 7 kHz signal, which can be detected. 


The component parts of the IMD option include a signal source and an IM analyzer. 
The signal source generates a low-frequency sinusoid and a high-frequency sinusoid that 
are mixed and fed to the input of the device under test. Level controls are provided 
so that the amplitude of the composite signal can be set to the desired level. The signal 
from the output of the device under test is then fed back to the analyzer circuits of the 
IMD meter. A high-pass filter removes the low frequency, leaving only the high frequency 
together with any possible low-frequency modulation. This signal is input to an envelope 
detector (or absolute value detector) resulting in only the rectified carrier with its 
amplitude varying at a low-frequency rate. A low-pass filter removes the carrier, leaving 
only the modulation products. The amount of these products is indicated on the meter in 
terms of percentage of the high frequency signal passed through the high-pass filter. 


1-2. IMD OPTION 


This option adds IMD measurement capability to the Model 1710A Distortion Measurement 
System. It employs the IMD measurement technique described above and in addition provides 
the user with a number of unique operating features. These are detailed in the following 
paragraphs. } 


The IM signal source contains a 60 Hz low-frequency oscillator and a 7 kHz high 
frequency oscillator. Controls on the front panel permit a rapid selection of a composite 
test signal having fixed low-frequency to high-frequency ratios of 4:1 or 1:1 plus a variable 
ratio of greater than 16:1 to 1:1. The amplitude of the test signal is controlled by the 
attenuators as described in Section 1-7e. The amplitude of the composite test signal can 
be measured directly in peak equivalent rms single tone voltage or power. This parameter, 
specified by the Institute of High Fidelity for IMD measurements, is defined as the voltage 
or power level of a sine-wave signal having a peak value equal to the peak value of the 
composite IM test signal. The ability to make this measurement eliminates the need for 
meter reading conversion or matching oscilloscope waveforms. 


IMD option combines with the Model 1710A input circuits to provide the option with 
a differential input configuration. In operation, the IM analyzer is capable of measuring 
IMD with a residual intermodulation distortion of less than .0025 percent. Meter sensitivity 
ranges from 100 percent to .01 percent full scale. The analyzer can also measure the LF-to-HF 
voltage ratio of the IM test signal from (a) input to the device under test or (b) output 
from the device, to the analyzer. When the analyzer is used with a Model 1710A fitted with 
Auto Set Level (Option 003) it is possible to perform IMD testing without adjusting the 
SET LEVEL control. This feature facilitates testing volume compressors/expanders and similar 
non-linear devices. Operation with the Auto Set Level option also permits the user to switch 
from Total Harmonic Distortion (THD) testing to IMD testing without having to make adjust- 
ments to compensate for the frequency response of the device under test. 


1-3. CONTROLS and INDICATORS 
The data sheet at the front of the 1710A manual describes the controls and indicators 
on the front panel of the Model 1710A IMD option. The following provides additional ex- 
planatory information. 
a. OFF pushbutton -- Switches system measurement mode from intermodulation distortion 
(IMD) to total harmonic distortion (THD). System is in THD mode when pushbutton is in. 
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1-5. 


PK EQUIV V/PWR pushbutton -- Selects measurement mode whereby meter displays 
amplitude of IM test signal in peak equivalent rms single tone voltage or power. 


GENERATOR LEVEL controls -- Varies level of IM test signal. 
VERNIER control -- Varies level of IM test signal over a + 1dB range. 


RATIO slide switch -- Selects desired low-frequency to high-frequency amplitude ratio 
of composite IM test signal. Two fixed ratios (4:1) and (1:1) are available. The 
VAR (variable) position allows selection of a ratio variable from greater than 16:1 
to 1:1 with adjacent HF AMPL control, 


HF AMPL control -- Adjusts LF:HF ratio of composite IM test signal when RATIO slide 
switch is set to VAR position. MAX setting (fully clockwise) selects a 1:1 ratio. 


HF ONLY pushbutton -- Turns off low-frequency oscillator. When pushbutton is in, 
only the high-frequency signal is present at GENERATOR OUTPUT. 


LF ONLY pushbutton -- Turns off high-frequency oscillator. When pushbutton is in, 
only the low-frequency signal is present at the output. 


SET LEVEL pushbutton -- Selects set level function whereby meter displays amplitude 
of reference high-frequency signal required for IMD measurement. 


ADJUST control -- Adjusts amplitude of reference signal for IMD measurement. 


ERROR indicator -- Lights during Auto Set Level operation when adjacent ADJUST control 
is incorrectly set. Correct setting is achieved by turning ADJUST control until 
indicator is extinguished. Light will also go out if composite input signal is either 
below 20% or greater than 150% of full scale. 


IMD pushbutton -- Selects intermodulation distortion measurement function. 
IM indicator -- Lights when system is in IMD measurement mode i.e., whenever PK 


EQUIV V/PWR, SET LEVEL, or IMD pushbutton is in and HF ONLY and LF ONLY pushbuttons 
are out. 


OPERATING INSTRUCTIONS 


TEST SET-UP 


Refer to Section I of the Model 1710A manual and connect the equipment as shown in 


Figure 1-1. Also, read and follow the instructions given in paragraphs 1-11 through 1-15 
of the same manual before making any IMD measurements. Sync the test oscilloscope to the 
line frequency and set sweep speed to 5 msec/div. 


1-6. IM DISTORTION MEASUREMENT WITH 4:1 OR 1:1 LF:HF AMPLITUDE RATIO. 

To measure intermodulation distortion with a 4:1 LF:HF composite signal, proceed as 
follows: 

an Set Model 1710A ADJUST control to CAL position or AUTO (for auto set level). 

b. Set IM RATIO switch to 4:1 

(oh Press PK EQUIV V/PWR pushbutton. 

d. Ensure that HF ONLY and LF ONLY pushbuttons are in the out position. 

e. Set Model 1710A INPUT switch to desired range setting. Adjust GENERATOR LEVEL switches 
and VERNIER control for desired rms peak equivalent single tone voltage/power reading. 
Ensure that meter indication is in upper two-thirds of scale. 

f; Push IM SET LEVEL pushbutton and turn adjacent ADJUST control until meter reads full 


scale. Omit this step if using auto set level. 


1-7. 


Push IMD pushbutton. Adjust Model 1710A RATIO switch until meter deflection is in 
upper two-thirds of scale, if possible. 


Read distortion in either percent or dB as indicated by meter deflection and RATIO 
switch range setting. For example, if meter reads .67 and RATIO range is 0.1 PERCENT, 
distortion reading is .067%. 
To switch the 1710A to the THD mode, push the OFF pushbutton on the IM panel. 
NOTE 

It is normal for the 1710A oscillator to go through a few cycles of stabilization 
when switching from the IMD mode to the THD mode. This is due to the power supply 
for the main oscillator being turned off when in the IMD mode. 


To make an IM distortion reading with a 1:1 LF:HF signal, set the IM RATIO switch 
to 1:1 and then carry out steps c. through i. above. 


IM DISTORTION MEASUREMENT WITH NON-STANDARD LF:HF AMPLITUDE RATIO 


To perform an IM distortion measurement using a LF:HF amplitude ratio other than 4:1 


or 1:1, proceed as follows: 


a. 


yi 


Set Model 1710A ADJUST control to CAL position or AUTO (for auto set level). 


Set IMD option controls as follows: 


PK EQUIV V/PWR pushbutton -----------7-------- IN 
IM RATIO switch ------rnnnnnncnennennccnenecrns VAR 
LF ONLY pushbutton) ----rnannnnnnennenecnennn--- IN 
HF ONLY pushbutton) ----nrnnnnnnnennrreeeneneee- OUT 
ANALYZER SELECT -------r--n-nen--- mrenrecrana-- INPUT or GENERATOR OUTPUT AS DESIRED 


Adjust Model 1710A INPUT switch, and GENERATOR LEVEL and VERNIER controls for a full- 
scale reading on an appropriate meter voltage scale. 


Calculate inverse of desired LF:HF ratio. For example if desired ratio is 16:1, 
inverse would be 1.0 to 0.0625 LF:HF. 


Set LF ONLY button to out position and press HF ONLY pushbutton. Now adjust HF AMPL 
control until meter indicates relative high-frequency level determined in step d. 

For example, for a 16:1] ratio, the HF AMPLcontrol should be adjusted to obtain a 
meter reading of .0625 of full scale. The INPUT switch can be stepped down to obtain 
a more accurate reading of the high-frequency signal. For the 16:1 ratio, the INPUT 
switch can be stepped down two positions, adjusting- the meter reading to .625 on the 
0-1.0 meter scale. 


Now set HF ONLY pushbutton to out position and follow steps c. through i. of paragraph 
1-6. 


IM DISTORTION MEASUREMNTS WITH AUTO SET LEVEL 


To make an IM distortion measurement using a Model 1710A fitted with the Auto Set 
option proceed as follows: 


Turn Model 1710A ADJUST control.fully counter-clockwise past CAL position until detent 
position is reached. This activates the Auto Set Level circuit. The gain of the 
intermodulation analyzer must be within a certain range for the Auto Set Level to 
function correctly. The ERROR indicator lights whenever the intermodulation analyzer 
gain is not within the necessary gain "window". In this event, turn the IM ADJUST 
control until the ERROR indicator is extinguished. 


Follow steps described in paragraph 1-6. 


Observe ERROR indicator; rotate IM ADJUST control until an off "window" is found; then 
set the IM ADJUST contvol to the window's approximate center. 


To switch the 1710A to the THD mode, push the OFF pushbutton on the IM panel. (It 
is normal for the 1710A oscillator to go through a few cycles of stabilization when 
switching from the IMD mode to the THD mode. ) 
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SECTION IJ - PRINCIPLES OF OPERATION 


2-1. INTRODUCTION 


This section contains a functional description of the IM signal source and the 
IM analyzer - the principle components of the IMD option. For a description of the IMD 
measurement technique employed by the option and a description of its operating features, 
refer to Section I of this Appendix. 


2-2. IM SIGNAL SOURCE 


Refer to the schematic diagram in Section IV of this manual. The IM signal source 
consists of two Wien bridge RC oscillators, a summing amplifier, and an output attenuator. 
The low-frequency (LF) oscillator operates at 60 Hz and is synced to the line frequency. 
The oscillator has an output amplitude of 6.3 volts rms (nominal). The high-frequency 
(HF) oscillator operates at 7 kHz and also has an output of 6.3 volts rms (nominal). The 
HF oscillator is optimized for maximum amplitude stability. The signals from both oscillators 
are coupled to the input of a summing amplifier that supplies the composite IM test signal. 


; The amplitude ratio of the two frequencies is controlled by varying the amplitude of 
the HF signal input to the summing amplifier. When the front-panel RATIO slide switch is 
set to the 1:1 position, the full 6.3 volts rms (nominal) HF signal is delivered to the 
summing amplifier. When the RATIO slide switch is set to the 4:1 position, a resistive 
divider attenuates the HF signal by a factor of four, so that the HF level at the summing 
amplifier output is one-quarter that of the LF level. When the RATIO switch is set to VAR 
position, a potentiometer controlled by the front-panel HF AMPL knob permits the level 

of the HF input to the summing amplifier to be set to any level between zero and 6.3 volts 
rms . 


To maintain the same peak equivalent level for both 4:1 and 1:1 fixed ratios, K3 
and driver Q9 are used to change the gain of the summing amplifier. K3 is on for 1:1 and 
variable ratios and off for 4:1 ratio. 


The IM signal source is operable only when the IMD OFF switch is set to the IM (out) 
position. This causes Kl] to disconnect dc operating voltage to THD low-distortion 
oscillator and allows the 60-Hz and 7-kHz oscillators to turn on. When the IMD OFF switch 
is pressed, dc power is connected to the THD low-distortion oscillator and at the same 
time dc voltages are applied to the two IM oscillator circuits biasing them to an off 
state, through photocouplers U18, U19. 


Dual form-C relay Kl on the balanced amplifier board selects either a low-distortion 
Sine-wave or a composite IM test signal to be attenuated and amplified. Relay K3 on the IM 
analyzer board provides the drive to K] during the IM mode. 


2-3. IM ANALYZER 


The following is a discussion of the IM analyzer board and Model 1710A circuits that 
comprise the IM analyzer. Refer to the schematic diagrams in the Model 1710A manual and 
Section IV of this manual for circuit details. 


The IM test signal from the device under test is connected via the Model 1710A INPUT 
terminals to the INPUT attenuator and from there to the differential input buffer and 
differential-to-signal-ended buffer. The output signal from the buffer amplifier (in the 
range from 1 to 3.16 peak equivalent volts), is coupled via a passive 2-pole high-pass filter 
to the input buffer. The filter attenuates the 60 Hz componenet of the IM signal by approx- 
imately 26 dB. The gain of the input buffer is variable from 2 to 100 by the front panel 
IM ADJUST control. This allows the amplitude of the signal at the output of the IM buffer 
(TP1) to be set to approximately 3.16 volts, the correct set level for the IM distortion 
measurement. 


From the IM input buffer, the signal is connected to an active 7-pole, high-pass filter 
having a cut-off frequency of 2 kHz. This attenuates the 60 Hz by a further 210 dB, leaving 
only a pure 7 kHz sine wave plus any amplitude modulation caused by the non-linearity of the 
device under test. From here, the signal is connected to an absolute value detector that 
rectifies the 7 kHz waveform. 


B2-] 


When the IM SET LEVEL pushbutton is pressed, the output of the absolute value detector, 
which is essentially a dc level representing the amplitude of the 7 kHz component of the 
test waveform, is connected through switch S3 to the front panel meter. This permits 
monitoring the amplitude of the HF component of the input signal for Set-Level adjustments. 


The output of the absolute value detector is also coupled to a 7-pole, low-pass filter 
with a cut-off frequency of 500 Hz. This removes the 7 kHz component from the rectified 
signal, leaving only the intermodulation products. The output from the low-pass filter is 
connected to the THD RATIO attenuator and distortion amplifier through OFF switch, Sl. The 
amplifier output is 31.5 mV full scale for each attenuator setting. 


An IM measurement is made by pressing the IMD pushbutton, connecting the distortion 
amplifier output via the auto set level option and the IM meter amplifier to the front 
panel meter. If the auto set level option is not fitted, the signal is jumpered directly 
from the distortion amplifier to the IM meter amplifier. Also, when the system is in the 
IM measurement mode, a relay bypasses the HUM and NOISE filters located between the distortion 
amplifier output and the input of the auto set level circuit. This relay is on the THD 
analyzer board and activated through a contact on relay Ki, located on the IM analyzer board. 


When the PK EQUIV V/PWR pushbutton switch S2 is pressed, the output of the THD meter 
preamplifier is connected via the IM peak detector to the front-panel meter. The THD meter 
preamplifier has a 31.6 mV full scale output on each range of the INPUT attenuator and the 
peak detector buffer has a gain of approximately 22. This changes the 31.6 mV full scale 
signal to approximately one volt peak at the peak detector input and causes one milliampere 
of current to be supplied to the meter for a full scale reading. 


The peak detector, consisting of U9 and associated components, operates as a summing 
amplifier. The input to the circuit may be considered to be at the junction of capacitor 
C46 and resistor R36. The detector responds to negative input peaks. Meter current 
(average one milliampere full-scale) flows back to the summing point through resistor 
R38. If the peak negative input current through R36 exceeds the feedback current, the 
output of U9 will go positive and add charge to C55 through emitter-follower Ql. This 
added charge will then increase the average meter current: As long as the output of U9 
Swings positive each cycle, Q2 will conduct each cycle, thus holding down the voltage on 4 
C54 and preventing Q3 from conducting. If the peak input current does not exceed the feed- 
back current, the output of U9 remains clamped negative by diode CR5 at approximately 
0.7 volts. In this event, the voltage on C54 will rise, and Q3 will conduct to quickly 
reduce the charge on C55. This allows the meter to respond quickly to a decreasing signal. 
level. 


The Auto Set Level option provides automatically controlled gain at the output of 
the distortion amplifier to compensate for a 10 dB range of input signal. For THD measure- 
ments, gain is simply controlled by the input signal level, which is the reference for the 
measurement. For IMD measurements, the reference for the measurement is not the input 
signal (total composite signal) but rather the level of the high-frequency (7 kHz) component. 
Yet, the input signal level indicated on the front panel meter (PK EQUIV V/PWR) during the 
measurement is proportional to the peak value of the composite signal. 


For the Auto Set Level to operate over a 10 dB range of peak equivalent volt-power 
level, is iS necessary that the SET LEVEL control be adjusted such that when in the SET 
LEVEL mode, the meter reads within approximately plus or minus 2 dB of the meter deflection 
when in the PK EQUIV V/PWR mode. This places the output of the absolute level detector in 
the proper range to control the auto set level circuit. Once the SET LEVEL control is 
properly set, no further adjustment is required unless the low-to-high frequency ratio at 
the analyzer input is changed. Now, the 7 kHz level (absolute value detector output) tracks 
the input signal level (peak detector output). 


In order to avoid possible readout error due to an incorrectly adjusted SET LEVEL 
control, a "window" detector is incorporated in the IM analyzer. This circuit consists 
primarily of operational amplifiers U14 and U15. U14 turns on ERROR light-emitting diode 
CR24 if the output of the absolute value detector, as divided down by resistors R68, R70 
and R71, exceeds the output of the peak detector by approximately 2.5 dB. The peak 
detector output is derived from the voltage developed across resistor R38. Conversely, 
U15 turns on the ERROR indicator if the output of the peak detector exceeds the output of eC 


hire ik value detector, as divided down and appearing at pin 3 of U15, by approximately 


Operational amplifiers U16 and U17 act in a similar manner to disable the ERROR 
indicator (by absorbing the drive current through R79) if the peak equivalent volt power 
reading is too low (less than 20 percent of full scale), or too high (greater than 150 
percent of full scale). Here the peak detector output is simply compared to dc levels. 

Q4 is used to turn off the ERROR indicator when the instrument is not in the auto mode of 
operation. If the auto set-level option is not installed, R79 is removed. 


The reader may be interested to know that in the U17/U18 comparator circuit, diode 
CR22 is a redundant component. If the output of U17 goes negative, it pulls the output 
of U16 negative through the pin 8 connections. Therefore CR22 may be used as a spare 
diode. 


A constant amplitude sync signal for viewing the IM distortion products is provided 
by a combination of a 3-pole low-pass filter followed by clipping amplifier U20. 
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SECTION III - MAINTENANCE 


3-1. INTRODUCTION 


This section provides a performance check, adjustment and calibration procedures, and 
troubleshooting information for the IMD option. 


3-2. TEST EQUIPMENT 


Recommended test equipment for performance checking and troubleshooting is listed in 
Table 3-1. Test instruments other than those described can be used provided their 
specifications equal or exceed those listed. 


Table 3-1. Required Test Equipment 


TYPE REQUIRED SPECIFICATIONS USE RECOMMENDED 
INSTRUMENT 
AC-DC DIGITAL Range: ImV to 2V Calibration Fluke Model 
VOLTMETER Accuracy: 0.1% + 1 digit 8000A 
Audio Frequency Range: to 8 kHz Calibration Sound 
Generator Technology 
Model 1700B 
or 1400A _ 
OSCILLOSCOPE Bandwidth: 500 kHz Calibration Hewlett-Packard 
Deflection Factor: and Model 1200A 
5 mV/div Troubleshooting or Philips 
Number of Channels: 2 Model 3232 


3-3. PERFORMANCE CHECK 
3-4. INTRODUCTION 

The performance check for the IMD option consists of an intermodulation residual 
distortion test. If the performance limits are exceeded in the following paragraph, refer 
to the troubleshooting hints in paragraph 3-13. 


3-5. INTERMODULATION RESIDUAL DISTORTION TEST 


a. Set controls as follows: 
IM RATIO switch ------------------«-------- 4:] 
HF ONLY pushbutton -----------4----------- out 
LF ONLY pushbutton ----------------------- out 
SOURCE IMPEDANCE switch ---~--------------- 600 2 


b. Connect a 600-ohm load resistor across GENERATOR OUTPUT BALANCED terminals and 
connect a shorting link between GENERATOR OUTPUT CT and GND terminals. 


(ek Set Model 1710A ANALYZER SELECT/GENERATOR OUTPUT switch to GENERATOR OUTPUT and 
connect oscilloscope to INPUT and OUTPUT MONITOR jacks. 


d. Press PK EQUIV V/PWR pushbutton and set INPUT switch to 3V range. Adjust 
GENERATOR OUTPUT LEVEL controls for a full-scale reading on meter. 


e. Press IMD SET LEVEL pushbutton and rotate adjacent ADJUST control for a full-scale 
reading on meter. 


f. Press IMD pushbutton and set RATIO switch to -80 dB/.01 PERCENT range. Check that 
meter reading is .0025% or less. 
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3-6. ADJUSTMENT AND CALIBRATION PROCEDURE 


This procedure should be performed whenever the results of the performance check 
(Paragraph 3-3) clearly establish the need to do so, After successfully performing in 
sequence the procedure in Paragraphs 3-7 through 3-12, the IMD option is considered to be 
calibrated. 


NOTE 
When performing this procedure ensure that only the equipment and cables 
specified are connected to the instrument. 
3-7. OSCILLATOR ADJUSTMENTS 


-a. Set front panel controls as follows: 


PK EQUIV V/PWR pushbutton ------------------ in 

HF ONLY pushbutton ------------------------- out 

LF ONLY Pushbutton -~---------nnqn------------ in 

RATIO switch ------------nn-nn-n-n---- a Ts) 

GENERATOR OUTPUT VERNIER control wooo ------- max CW 
GENERATOR OUTPUT switches ------------------ +I, =2.-0 
SOURCE IMPEDANCE switch -------«n----------- 600 2 

FAST RESPONSE/LOW DISTORTION --------------- Fast Response 
THD ADJUST control -----------------n------- CAL 


b. Connect a 600-ohm resistor between GENERATOR OUTPUT BALANCED terminals and connect 
a shorting link between GENERATOR OUTPUT CT and GND terminals. 


Cy (Ignore an indicated overload condition.) Remove sync from LF oscillator either 
by removing connection to power transformer (#7 on Generator Board) or by lifting 
one end of C19. Connect BALANCED output to a scope with horizontal sweep (5 ms/cm) 
synced to power line. Adjust R4 for a stationary pattern (LF oscillator running 
at line frequency). It may be necessary to adjust FET bias (R8) to keep oscillator 
running as R4 is adjusted. Restore LF oscillator sync. 


d. Set ANALYZER SELECT/GENERATOR OUTPUT switch to GENERATOR OUTPUT and LF ONLY pushbutton 
to out position. 


e. Measure Q6 gate voltage (an easy place to measure is at C11, .033 uf.). Allowable 
range is 1.0 to 2.0 Vdc. If out of range, adjust R23 for a reading 1.5 Vdc. Isolate 
gate voltage from voltmeter probe with a 10 K ohm resistor. 


fs Measure Q3 gate voltage (an easy place to measure is at collector of Q2. Don't 
forget 10 K isolation!). Allowable range is 1.0 to 2.0 Vdc. If out of range, adjust 
R8 for a reading of 1.5 Vdc. 


g. Press HF ONLY pushbutton. Adjust OUTPUT VERNIER control until front panel meter 
reads exactly full scale. 


h. Change front panel controls as follows: 
HF ONLY pushbutton -------------------- out 
LF ONLY pushbutton -------------------- in 


ie Without changing setting of OUTPUT VERNIER control, carefully adjust R13 until front 
panel meter indicates same full-scale reading obtained in Step c above. 


‘de Repeat Step dabove. If it was necessary to readjust R8, repeat Step g. 
3-8. 4:1] DIVIDER CONFIDENCE CHECK 
a. Change front panel controls as follows: 


INPUT switch ----------------------- 3V 
RATIO switch ----------------------- 4:4 


> GENERATOR OUTPUT —————— 


SOURCE 
IMPEDANCE BALANCED CT GND 
1502 [__]]]]} coon 
6002 
47KQ 
AUDIO 
OSCILLATOR 


Figure 3-1. IMD Measurement Calibration Test Setup 
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Adjust OUTPUT VERNIER (and/or R44) for a front pane] meter reading as close as 
possible to 2.40 Vac. 


Change front panel controls as follows: 


HF ONLY pushbutton ----------- ees | 
LF ONLY pushbutton --------------- aiaaeee, Out 
INPUT switch ee ES I ee ek Senn Oe \ Oe ek Sa) Se Bee se ee 1 Vy 


Check that front panel meter reads 0.60 + .02 V. 

. PEAK DETECTOR AND THD SIGNAL LEVEL ADJUSTMENTS 

Connect DVM in parallel with 600-ohm load resistor connected across GENERATOR OUTPUT 
BALANCED terminals. Connect shorting link between GENERATOR OUTPUT GND terminal and 
one of the adjacent GENERATOR OUTPUT BALANCED terminals. 

Change front panel controls as follows: 


HF ONLY pushbutton ---------------------- out 
LF ONLY pushbutton ---------------------- in 


Adjust OUTPUT VERNIER and OUTPUT ATTEN controls (and/or R44) for DVM reading of 
0.800 Vac. 


Change front panel controls as follows: 


HF ONLY pushbutton -----------------------=-- out 
LF ONLY pushbutton ------------------------- out 
GENERATOR OUTPUT switches ------------------ +10, -8 


Adjust R34 on IM analyzer board for an exact full-scale reading on front panel 
meter. 


Change front panel controls as follows: 


Ne ee ge off 
FREQUENCY pushbuttons -- x10, _ 
100: = ] kHz 


Adjust GENERATOR OUTPUT VERNIER control for an exact full scale reading. Press 
PV/EQUIV pushbutton and adjsut R44 on IM analyzer board for an exact full scale 
reading. 


. ABSOLUTE VALUE DETECTOR OFFSET NULL 


Remove input signal and set INPUT switch to 3V. 

Connect DVM between TP4 and ground (negative end of C34). 
Set DVM to its most sensitive range. 

Adjust R22 for DVM reading of less than + .003Vdc. 

. IMD MEASUREMENT CALIBRATION 


Connect a 600-ohm load resistor across GENERATOR OUTPUT BALANCED terminals and connect 
a shorting link between the GENERATOR OUTPUT CT and GND terminals. 


Connect a 47-kilohm resistor with a 1-megohm pad in series to one side of the 
GENERATOR OUTPUT BALANCED terminals, as shown in figure 3-1. 


Connect an external audio oscillator between the GENERATOR OUTPUT GND terminal and 
floating end of the 47K-ohm resistor, as shown if figure 3-1. 


3-13. 


Set front panel controls as follows: 


PK EQUIV V/PWR Se aw eae FRR SRR Re Re in 

RATIOU (ccacetccnesdteumtacsuseosmeneni at 

HEFONLY fidceoewanean mca epee dls 

EFCONL Vigdectoneedwaeneaemee Caaeeean ous 
GENERATOR OUTPUT switches -----~--- +10, -2 
INPUT oa neen ee oneaeben se anaannnaae }VolenRange 
RAT IOs peseneccnneueatene Ee eee ice ny 
THD ADJUST © See-nunnranen nAncnaeted CAL 


Connect vertical input of oscilloscope to OUTPUT MONITOR. Set controls as 
follows: 


Vertical Sensitivity --------------- 20 mV/cm 
SWEEP ne eee ner e nnn nner nemerenen 5 ms/cm 
SYNC wenn ne nnn nen nee nen cen nnmennne Internal 


Set external audio oscillator frequency to approximately 7 kHz. 


With output of external oscillator reduced to zero, adjust OUTPUT VERNIER for 
1710A meter reading as close to exact full scale as possible, 


Change front panel controls as follows: 


GENERATOR OFF switch ---n--ennnqnnnnnenne out 
LF ONLY  .-nnenennnmnemnnennnnnn aot -- in 
NNO IT alee hte tl nt stot ty ole ani loletatatatalatatatate .O1 volt range 


Adjust output of external oscillator for a meter reading as close to exact full 
scale as possible. 


Change front panel controls as follows: 


LF ONLY  --------nnnnnnnnnnnnnn- out 

OUTPUT ATTEN --------"------- was NOedB 

INPUT Sincere mere ne ence eee 3 volt range 
GENERATOR OFF switch ------n--- out 


Adjust the frequency of the external oscillator for a 10 to 15 ms period of the 
sine wave appearing on the scope. 


Adjust IM SET LEVEL control for an exact full scale reading on the meter. 


Depress IMD. pushbutton. Adjust R63 on the IM Analyzer board for an exact full 
scale reading. 


Without changing test set-up, proceed to next adjustment (Auto Set Level). 


. AUTO SET LEVEL ANJUSTMENT 


Turn THD ADJUST control to Auto position. Adjust R6 on the auto set level board 
for an exact full-scale (1.00%) reading. 


Switch INPUT switch to 10 volt range. Check that reading is 1.00 + .02%. 


TROUBLESHOOTING 


Before attempting to troubleshoot the IMD Option ensure that the fault is with the 


option and not caused by the test setup or associated equipment. The performance check 
(Paragraph 3-3) enables this to be determined without having to remove the covers. 


If an abnormal condition is observed during the performance check, table 3-2 will 


suggest remedies. However, before proceeding with detailed troubleshooting, note the 
troubleshooting hints contained in paragraph 3-3 of the Model 1710A Manual. 


3-14. SYMPTOM/CAUSE TABLE 


_ Table 3-2 contains symptoms of IMD option malfuntions and provides diagnostic tests 
for the location of these faults. Following the repair of a defective component, refer 
to paragraph 3-15 for instructions regarding any necessary calibration and/or adjustment 


procedures. 


Table 3-2. 


IMD Symptom/Cause Table 


Symptom 


Abnormally high 
level of residual 
IM distortion, 
distortion product 
is random noise. 


- Abnormally high 
level of residual 

IM distortion, 
distortion product 
is multiple of 60-Hz 


Amplitude of 60-Hz 
oscillator is 
unstable, or 
oscillator is not 


Probable Cause 


7 kHz oscillator 
amplitdue instability, 
Q6 gate voltage 

out of adjustment 


(1) Nonlinearity in IM 
generator summing 
amplifier U3, IM analyzer 
buffer U1. 

(2) Nonlinearity in THD 
buffers U101, U102, U103. 


Q3 gate voltage is out 
of adjustment. 


Diagnostic Test 


Measure dc level at 
gate of Q6 on IM 
analyzer board. 
Reading should be be- 
tween 1.0 and 2.0 Vdc. 


(1) Replace U3, U1. 


(2) Replace U101. 
UT02,: W103: 


Measure dc level of 
gate of Q3 on IM 
generator board. 
Reading should be 


between 1.0 and 2.0 
Vdc. Check freq. adjust- 
ment per 3-/7a. 


synced to line. 


3-15. COMPONENT REPLACEMENT - CALIBRATION AND ADJUSTMENT 


If Ul or U2 in the generator section are replaced, do the oscillator adjustments, 
section 3-7. In general, changing IC's in the analyzer section do not require re-adjustment. 
The exception is U6 in the Absolute Value Detector. Changing U6 would require the zero 
adjustment at TP4, section 3-10. 


3-16. ACCESS TO LOW-DISTORTION OSCILLATOR 


In order to reach the low-distortion oscillator assembly, it is necessary to move the 
IM analyzer board mounted above it. To reach the oscillator, proceed as follows: 


a. Remove top cover from instrument. 
b. Locate metal shield on which IM analyzer board is mounted. 
Ge Remove four screws attaching this shield to instrument. Do not remove screws 


securing IM analyzer board to shield. 
d. Carefully move shield back until pushbuttons on board clear rear of front panel. 


e. Move shield until it is located vertically above center of instrument. Secure IM 
analyzer shield to center IM support bar using one of the screws previously removed. 
This holds board in a position that permits access to oscillator. Replace IM 
analyzer board following reverse procedure. 


Be Remove two screws (one on each side) holding shielded box down. Carefully pull 
out generator level switches, removing them from shafts, as described in Section III 
of the Model 1710A Manual. 


Loosen set screws on generator vernier control and generator off switch and move 
couplers away from shielded box. Be sure not to break off switches. 


Lift box up on its hinges. (Do not allow it to lean against the case of the Model 
1710A --- This will cause ground problems. ) 


Remove bottom plate of shielded box to expose IM generator board, 


Replace components following reverse procedure. 


. MODIFICATIONS FOR EUROPE AND JAPAN 


DIN (Europe) 


a. The Low Frequency Oscillator is set at 250 Hz and is not synchronized with the 
power line. The High Frequency Oscillator is at 8 kHz. The IM measurement then 
conforms to DIN 45403, Page 4 - "Measurement of non-linear distortion in electro- 
acoustics; intermodulation method", and DIN 45500, Page 6 - "Hi-Fi techniques, 
requirements for amplifers". 

A scope sync (250 Hz) is available at a BNC connector on the rear panel. 

The passive, High-Pass Filter has been changed to have a cut-off frequency of 
3.9 UkKHz:. 

The Low-Pass Filter has been changed to have a cut-off frequency of 1.25 kHz. 

b. The following parts have been changed: 

Reference Description Stock No, Qty. 
Designators 

IM ANALYZER BOARD 

Ch, C2 O20 URS lbaeseve DIYStr 2025-0004 2 

C35 Cae .0068 uf, 2.5%, 63V, plystr 2025-0016 2 

C32 -0082 ‘uf, 1%, 33V, plystr 2025-0002 ] 

C37 062"UF Sh, oats DLYStl 2025-0005 ] 

C36 0033 UTS 2.52, (63V, plystr 2025-0014 ] 

C36A 680 pf, 2.5%, 63V, plystr 2025-0019 mA 

R46, 47, 48, 49 Bie3 Ks Le, 1 /SWe Me 1015-1523 4 

IM GENERATOR BOARD 

Cia. ge MZ2 UT cba, 63V., .plLystr 2025-0029 2 

R18, 20 10K, .25%, 1/8W, MF 1005-2100 2 

R17 10K, 1%, 1/8W, MF 1015-2100 ] 

R16 BZ. 3K, los STEN eM 1015-2523 ] 

Rocn5 28.7K, 1%, 1/8W, MF 1015-2287 2 

c, Also, the following changes or additions have been made: 

1. Replace R4 (5K trim-pot) with a jumper. 

2. Remove R2 (15K, 5%, 1/4W) from board. 

3. Remove sync cable to IM generator Board (pad 7). 

4. Add sheilded cable between pad 5 on generator board and BNC scope sync connector 
on rear panel. 

3-19. 50/60 Hz OPERATION (JAPAN) 

i The Low Frequency Oscillator is set to 60 Hz and is free-running. A scope sync is 
availa 


ble at a BNC connector on the rear panel. Sections 3-18-C-2,3,4 above are applicable. 


SECTION IV - DIAGRAMS 


4-1. INTRODUCTION 


This section contains the circuit diagrams necessary for the operation and maintenance 
of Option 004. Included are schematic diagrams and component location diagrams. 


4-2. SCHEMATIC DIAGRAMS 

The circuitry contained within each assembly is shown in the schematic diagrams. As 
an aid to isolating malfunctions, the diagrams also provide typical operating voltages and 
wave-forms. 
4-3. COMPONENT LOCATION DIAGRAMS 

The component location diagrams show the physical location of parts mounted on each 


assembly. Each part is identified by a reference designator, similarly identified on the 
schematic diagrams and in the parts list. 
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FIG. 4-1(B) 
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CATHODE @3 ee 9 &@ as ! 
te —) 6 > 
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FIG. 4-3(B) 
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SECTION V 
SPARE PARTS 


5-1. INTRODUCTION 


This section contains information for ordering replacement parts, and provides the 
following details: 


a Sound Technology part number. 

b. Circuit diagram reference designator. 
c Description of part. 

d Total quantities used. 


9-2. ORDERING INFORMATION 


When ordering replacement parts, each part must be identified by a Sound Technology 
part number. To order a part, include the following information: 


Instrument model number. 
Instrument serial number. 
Description of part. 

Function and location of part. 


a00 om 


Address your order or inquire to: 


Sound Technology 
1400 Dell Avenue 
Campbel1 
California 95008 
(408) 378-6540 


1 oe Szaoon1i1 + 
Aes te Pmt AMAL YSeerR 
PURCHASED FPARARTS 


PART NG DESCRIPTION QTY PART_NG DESCRIPTION 
68G5-860@ TRANS 2NZG5F NPN SI 4.9 1160-1166 RES-FKD IK Sa 17/4W 
j Gi-4 R4G, 42. 58, 7S. 79 
G1 60-G904. Ic-OP AMP 741 g.g 1166-1126 RES-FHRD 1.2K Sx 14h 
UZ, 3. 4,6, 7,1, 14,12 bene Aeted Dedede Wan aabs oho) 
G166-GG14  IC-OP ANP 2665 GRADE 6 BLUE BiG) MALOC TA START Oa Nl) ES Lard 
Ud, 3 Rz2, 
G1G8-G614  IC-OP AMP 2665 GRADE 6 BLUE 4.@% 2286-4516 RES-FAD S-LK Sx 14h 
U26 Res 
6166-0816  OP-AMP To1C 7g 1100-2160 RES-FXD 16K Sz 1/4U 
US, 8. 12-17 Rad 
@208-GG6G OCIODE-GEN 1N914A SI 49)'@7 4100-2380) REST ERD ssh Sagly ail 
CRE-5. 7-22 a Ras 
@268-GG0G DIGDE-GEN 1N914A SI ag ee ear Oe OCR aerate oe 
CR25-28 RS? 
@2@5-G@62 DIODE-ZENER IN7S6 4. 7¥V Ig ep eee OL Serle th 
3 Red 
CRE 
166-2: RES-FXD 196K 5% 1/4 
@2@5-G@G7  PHOTOCELL-LED GRADE 7 VIGLET Zig) Fee e aie mee es ra 
u1g. 13 a be SER ene 
w SCncem Iyhia a 4 418Q-347G RES-FXD 470K 5% 1/4U 
1615-9616 gay a 1% 4/8 MF 3.8 oe 
33s 64%, BO . oa , 
1160-4196 RES-FXD 1M Sx 474i 
1615-9419 RES-FXD 19.6 41% 4/8W MF tO ae Leap i 
Sere as as a al rire 1g 2419-8801 RES-VAR 10@ TRIMPOT CERMET 
5 [—< ee . ae oe ¢ . . R6= 
eae Bike oh Rear ry orange sg 2410-9802 RES-VAR 5@G TRIMPOT CERMET 
—! “ ~ xe 2 ‘. Oi . Rz4 
RS. 23, 35, 26.77 ie : 
1@15-1197 RES-FKD 1. 87K 1% 1/8b MF Pee Rulon enmnimbiscasc thins Ns tested Syl) 
R22 
R12 “ 
{el 5-400 RESOEND (OKs asaui Me > g 2880-9885 CAP-FXD SPF 19% SGG¥v MICA 
R23, 3a a ecw tad . 
1@15-1232 RES-FXD 2. 32K 1% 1/8W MF 120 oF eee a CR Go ee ee 
is ces 
R=S 
Erie Tees ly eee ee 19 2098-8616 CAP-FXD 1@PF 5% S5@aV MICA 
Ss . _ Basse . —s ~ ve -« . C22 
R?S 
pe WCE ie gaa ne Wr PI ine ip hors 1g 2000-9056 CAP-FXD SéPF 5% Sae¥v MICA 
I he pas . . . eam . ez, S41 
R24 
Nb se acad Mees een eae nr Calin 4g 2900-6150 CAP-FXD 15GPF 5% Seav MICA 
- . = Oa _— ‘se ve a - C27 
R26 
CE REESE One ie. ee ies 1 @ 2808-8474 CAP-FXD 47@PF 5% Saev MICA 
— ~ — oe . Ps = . c4a7 
Rid : 
AG1S—~1661 RESLEND €na4k 4% 47a ME 1q@ 2926-G888 CAP-FXD @. G1UF 16% 166V MYLAR 
° ~ . ~ ve | . CTs 
R18 
9615-1715  RES-FND. 7.48 4% 478u ME 2 g 2820-8662 CAP-FXD @. GS6UF 14% 100 MYLAR 
. RES-FED 7. : pee 
R27. 23 
ieee Peay eo ON ie ae > g 2920-9063 CAP-FXD G6. 1UF 19% 1667 MYLAR 
R7B, 72 Pifee lint i 
R1-S, 18,19, 21, 50-53. 74 Cones Aa 
1G15-2113 RES-FXD 44. 2K 4% 4/80 MF AS in eS a a a ee eee 
Say C13, 14.17.18, 36 
1615-213 RES-FXD 123.6K 1% 4/eW MF Reta mae ont ped Gait teenie Ce Woe 
1615-2433 RES-FXD 13. 2K 1% 4¢8W MF 40) BAe OO ey ee tee eee aon 
RAS cz? 
1415-2158  RES-FXD 15. 8K 1% 4/8W MF 41.g 2925-@016 CAP-FAD . GS9UF 2.5% 33 PLYSTR 
RE? csr 
4015-2264 - RES-FXD 26.4K 1% 4/8N ME 4.@ 2625-G611 CAP-FXD . @@12UF 2.5% 63V PYSTR 
>. Cae 
RF1i 
1G15-2216 RES-FXD 31. 6K 41% 1/8 MF PU Mitre tepinetae VAD GAN | ghee hg any Mole ee A 
R76 ae 
Fee Pe ea a ee OBS mar 4.9 2925-0617 CAP-FXD . @S6UF 2.5% Z3¥ PLYSTR 
os c1.2 
1O15-2z74 RES-FXD 27. 4K 1% 1-°SW ME 4.9 2025-9629 CAP-FRKD . 622UF 2.5% 63 PLYSTR 
RP6e CéGa 
4015-2792" RES-FKD 79. 2K 1%) 47s8u ME 3g 2625-8036 CAP-FXD . G27UF 2.5% 63¥ PLYSTR 
R1Z, 34, 32 as 
1G15-2487 RES-FXD 48. 7K 1% 1/¢8W MF 1.4 
RS 
1166-0622 RES-FXD 22 5% 1/4U 4.8 
REZ 
11GG-G627 = RES-FXD 27 5% 1-al 1.6 
R41 
1169-9091 RES-FHD 91 5% 1/4U 2.6 
REG, 61 
1106-9166 RES-FXD 196 5% 1/4uU 4.6 
R54, 56. 57,69 
1166-9510 RES-FXD 516 5% 1/4W 2.6 
R45, 86 
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PART NO 
2646-0000 


2649-6000 
2649-9002 
2166-9908 
2190-0661 
2140-9602 
2166-9064 
2106-665 
21969-00606 
2166-8613 
3615-9607 
3165-86640 
3195-6068 
3126-9606 
3156-8062 
3460-9962 
3466-6662 
3406-6805 
7656-860 
7O360-GOGs 
7296-661 


Se6eo0-G090 
91706-5617 


DESCRIPTION 


24.0. 


CS, 6. 11.12. 15. 16. 13. 29. 25. 26. 34, 1, 78-41 


CAP-FXRD G. GLUF 166 CERAMIC 
Cei. 82 

CAP-FKD @. LUF 257 CERAMIC 
Cre, 71 

CAP-FRD 4. PUF 19% 35 TANT 
C73 

CAP-FXD 1UF 25 ELECT AL 
C35 

CAP-FxXD 1I6UF 25¥ ELECT AL 
C21. 22, 74 

CAP-FAD 35UF 257 ELECT AL 
C33. 54. 72. 73 

CAP-FHRD SGUF 25¥ ELECT AL 
C34. 77 

CAP-FKD 16GUF 25¥ ELECT AL 
C45. 46. 52. 75. 76 

CAP-FRD @@0UF S¥ ELECT 

css 


SWITCH-PEB. 4 STA SP & 2 STA P-P 


51-6 
SOCKET-IC @ PIN ROUND 
SOCKET-IC @ PIN ROUND 
CONN-SINGLE CONTACT. . 
SPACER-PUSHEUTTON SW. 
RELAY-—1 FORM A 

K2 

RELAY-1 FORM A 

Keun 

RELAY-2 FORM A 

Ki 

CABLE-1 COND. SHIELDED. WHT 


O33 PIN 
DOGBONE 


CABLE-2 COND. SHLD. WHT. BLK-WHT 
WIRE JUMPER-G. 2 CTRS. PVC INSUL 


PUSHBUTTON-RECT. WHITE 
PC BOARD-IM ANALYZER 


SA Tr esms—=zacqwruIi Ss 


rCc—AasS 
 FPuURCHASED PARTS: 


PART NO 
8606-0001 


9a95-s0a0 
9aa5-9e02 
6928-9961 
9169-Ga01 
8190-9601. 
9180-9907 
G196-601.4 
9190-9914 
@29a-9900 
6205-G604 
4905-2114 
41985-2158 
1405-21415 
1615-1160 
41015-1196 
1615-1150 
4@15-1392 


1615-1392 


rr 


DESCRIPTION 

TRANS 2N=Z644 PHP SI 

G1.2.4, 517 

TRANS 2N2652 NPN SI 

a8 

TRANS 2N4996 NPN ST 

ag 

TRANS-FET VCREP P-CHAN 
G3. 6 

IC-GP AMP 741 

UL 

Ic-OP AMP 741 

UL 

IC-OP AMP 2665 GRADE 2 RED 
US = 
IC-OP AMP 2665 GRADE 6 
U2 

IC-OP AMP 2685 GRADE 6 
Ut. 

DIODE-GEN AN914A SI 
CR1i-6 

ODIODE-ZENER AIN746AR FS. SV 
CRY ; 
RES-FXD 11. 4K G@. 25% 1°SW MF 
Ris. 28 

RES-FKD 15. Ok G@. 25% 1/8W MF 
R23. 42 

RES-FXD 115K @. 254% 1°SW MF 
RSS 

RES-FRD 1K 14 1-/°8W MF 


BLUE 


BLUE 


R17. 37 
RES-FRKD 1K 142 1/°8SW MF 
R37 


RES-FRD 1.5K 414% 18H MF 
Ro. 24 

RES-FRD 3. 92K 1% 1S MF 
R?, 22 

RES-FRD 3. 92K 1% 1/SW MF 
R37 
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QTY 
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58. 59,.62-65 QTY PART NO 
CAP-FRD G. @LUF 1907 CERAMIC - 4a. 49. 


1615-1464 
1015-1464 
1615-1499 
1915-1562 
1615-1576 
19615-1576 
1915-1681 
1615-1631 
1615-2160 
1615-2249 
1615-2274 
1160-8616 
1196-0160 
1166-1166 
11966-1126 
1160-1186 
1196-1339 
11680-1914 


1140-2196 


SIilGNAL GENERATOR 1166-2150 


1196-2180 
1180-2180 
1160-2338 
1198-2338 
1196-2470 
1166-2568 
1168-2754 
1419-9915 
1418-9016 
1416-6816 
1410-0017 
1416-8817 
2066-80193 
2688-98055 
2626-6613 
2025-9001. 
2625-9886 
2646-9808 
2166-8886 


2196-9660 


DESCRIPTION 

RES-FXD 4. 64K 1% 1°SH MF 
Rig. 12. 25, 26 

RES-FRD 4. 64K 1” 1/°SW MF 
R12, 26 

RES-FXD 4. 99K 1% 1/8W MF 


4 

Bee-FSp 5. 62K 1% 1780 ME 

Rid, 28 
5 


RES-FXD 5S. 76K 12% 1-°SW MF 
R41 

RES-FRD 5. 76K 1% 1-SW MF 
Rat 

RES-FRD 6. Sik 1h 1/Shi MF 
Rid, 28 

RES-FRD 6. S1iK 1a 1SW MF 
R14. 28 

RES-FRD 16K 1% 1/°S3W MF 
R16 

RES-FXD 24. 9K 1” 1S MF 
RS 

RES-FXD 27. 4K 1” 17S MF 
RS 

RES-FXKD 16 Sx 1-‘4bi 

R65 

RES-FXRD 106 Sx” 174 

RSS. 6G 

RES-FXD 1K Sx 14h 

RS 

RES-FXD 1. 2K 34 14h 
R47 

RES-FXD 1. GK Sx 1/4 
R45 

RES-FXRD 3. SK Sx 1/4 
R=4 

RES-FXD 9.1K 3% 1/4W 
R35 

RES-FKD 14K Sx” 1-4 

R6éS 

RES-FRD 15K Se” 1/74 
Ri, 2 

RES-FXD 18K 5S” 1/4W 

R46 

RES-FXD 18K Sa 1/74) 

R46 

RES-FRD SEK Sx 14 

Rit 

RES-FXD SOK Sx” 14h 

R23 

RES-FKD 47K Sex 14H 

R46 

RES-FXD SéK Sx” 14 

Ris 

RES-FRKD 7SK Sx 1/4 

R36 

RES-VAR 56@ TRIM. .15 SPACING 


R13, 22 
Rte: See 4k TRIM. .125 SPACING 


R&S, 43, 44 

RES-VAR 1K TRIM. .15 SPACING 
Rds. 44 

RES-VAR SK TRIM .15 SPACING 
R4 

RES-VAR SK TRIM. .15 SPACING 
R44 

CAP-FXD 10PF S% Sae¥ MICA 
cis 

CAP-FXD SéPF Sx Sea MICA 
cis 


CAP-FXD G. G33UF 19% 1607 MYLAR 


Cit 

CAP-FKD G. G@@2UF 1% 33 PL'YSTR 
C7. 8 

CAP-FXD G. 2UF 1% 33V PLYSTR 
Ci.2 

CAP-FXD G. @1UF 146¥ CERAMIC 
C4, 5.9. 10.14,15 

CAP-FXD 4. UF 19% 35V TANT 
Cé 

CAP-FRD 4. 7UF 18% 35’ TANT 
C22 
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Sa Lt Goel bob Messe Be 
®o eo 8s 82 8 8 ® 


Oe iS) sae: 


S) 


® 


So 72.0) .6). 2 @ 


o © ®& ® 
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PART NO 
2166-6566 


2160-6028 


2166-0626 


3165-gG6¢0 
3126-a009 
3126-86096 
3400-9001 


2466-461 


3406-0602 


3406-6003 


7OSG-GaG9 
*B5G-GQ0G% 
7266-6046 


7266-G061 


8540-9904 

@54g-9904 

8542-9001 
3542-9001 
87a2-a8Ga2 
87@2-aaG2 
@17a6-5G12 


DESCRIPTION 

CAP-FRO 1GGUF 257 ELECT AL 

c12 

CAP-FXD 1UF S@VY ELECT TANT AXL 
C3. LT. mS 3 

CAP-FXD 1UF 5@’/ ELECT TANT AXL. 
c2a 

SOCKET-IC & PIN ROUND 
CONN-SINGLE CONTACT.. @93 PIN 
CONM-SINGLE CONTACT... 692 PIN 
RELAY—-1 FORM C 

K2 

RELA'Y—-1 FORM C 

K2 

RELAY—-1 FORM A 

Kz 

RELAY-2 FORM A 

KA. 

CABLE-1 COND. SHIELDED. WHT 
CABLE-2 COND. SHLD. WHT. BLK“WHT 


WIRE JUMPER-@. 4 CTRS,.PVC INSUL 
W2 

WIRE JUMPER-@. 2 CTRS.P¥YC INSUL 
WL. HS 

SCREW 6-22 % 1.°4 POLI PAN HD 
SCREW 6-32 * 1.°4 POZI PAN HD 
LOCKWASHER-EXT #6 
LOCKWASHER-EXT #6 
SPACER-THD, 6-32 3/8LG * 5160D 
SPACER-THD, 6-32 3/°SCLG * 5-160D 
PC BOARD-IM OSCILLATOR 
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940CR-10 DIETZGEN GRAPH PAPER 


NO. 


CUGENE OIETZGEN CO. 


MADE INU. SS. a 


10 X 10 PER INCH 
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Specifications 


Model 1700B specifications apply with the following additions: 
10 dB. INPUT switch must be set for meter reading in upper 2/3 scale in VOLTS/POWER function. 


Capture Range: 


Harmonic Accuracy: Add to 1700B specification 
Fundamental 2nd through 5th 
Frequency Harmonic Accuracy 


10 Hz - 20 kHz .2 dB 
20.1 kHz - 50 kHz .5 dB 
50.1 kHz - 110 kHz 1 dB 
(worst case with 80 kHz filter in) .007% to 20 kHz with the measured signal greater than 0.3 vrms. 
Noise decreases to the standard 1700B specification as input voltage approaches full scale. Automatic 
Set Level can be disabled to reduce noise for high resolution readings. 


All prices f.o.b. Campbell, California — data subject to change without notice. 
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OPERATING INSTRUCTIONS 


a. Complete normal signal connections to the device under test as described in Section I 
of the Model 1710A User's Manual. 


b. Rotate the ADJUST control fully counter-clockwise, past the CAL position until a "click" 
is heard. This activates the auto set level circuitry. 


ce Press the VOLTS/POWER pushbutton and adjust the INPUT range switch so that a voltage 
(or power) reading is obtained with the meter pointer in the upper two-thirds of the 
meter scale. 


NOTE 


Levels less than one-third and much greater than full scale will cause errors 
in distortion readings. 


d. Press THD (distortion) pushbutton and take the distortion reading in the normal manner. 
NOTE 


1. The OVERLOAD indicator will glow whenever the VOLTS/POWER meter is being 
overloaded by more than 10 percent during distortion measurements. This is meant to 
inform the operator to up-range (advance the INPUT switch) while monitoring the 
distortion figure. 


2. It is normal for the residual noise to increase slightly with the Auto Set 
Level circuit in operation. The error in distortion reading due to this figure 
is, in general, insignificant when the distortion figure is 0.02 percent or greater. 


PRINCIPLES OF OPERATION 


The signal input to the Notch Filter (or the variable output of Buffer) is fed to the 
AC to DC Converter (U1, U2). The DC signal out of this converter, which is directly 
proportional to the Notch Filter input signal level, is in turn driving a Voltage to Current 
Converter (U3), which regulates the controlling current to the Multiplier. The Multiplier is 
used as a variable gain amplifier (gain range from 1 to 3.16). Its gain is inversely pro- 
portional to the controlling current and the magnitude of the AC signal to the Notch Filter. 


In the manual distortion-measurement mode, whenever the input signal is below full- 
‘scale (but more than 1/3 on VOLTS scale), Buffer Amplifier gain has to be increased with 
the use of the ADJUST control to make up for the lower amplitude. In the automatic mode, 
the distortion signal level is increased to exactly the required amount through the Multiplier 
before it goes to the AC meter. The net effect is the same as increasing the Buffer Ampli- 
fier gain, and the distortion readings obtained inthis manner will always be accurate. 


Since the Multiplier is processing signals after the Notch Filter, it is not adding 
distortion to the signal being analyzed. As a matter of fact, this scheme actually reduces 
the residual distortion noticably above 50 kHz when the input signal is significantly below 
full-scale. However, there is some degradation of signal-to-noise ratio whenever the Notch 
Filter is operating with a smaller signal. 

PERFORMANCE CHECK 
a. Connect cable between GENERATOR OUTPUT BALANCED terminals and INPUT BRIDGING terminals. 


b. Set Model 1710A controls as follows: 


INPUT switch -------------------------- TV 
ADJUST control] ------------------------ CAL 
VOLTS POWER pushbutton ---------------- in 
FAST RESPONSE/LOW DISTORTION switch --- FAST RESPONSE 
FREQUENCY pushbuttons ----------------- x100, ate 
10 
FILTER pushbuttons -------------------- NOISE, 80 kHz in 


GENERATOR OFF switch ---~--------------- out 


Adjust GENERATOR LEVEL controls for 0.95 V rms, as indicated on meter. 


Press SET LEVEL pushbutton and rotate ADJUST control until meter pointer is exactly 
over SET LEVEL mark. 


Press THD pushbutton and set RATIO switch to proper range (.03% or .1%) to obtain 
a good reading (meter pointer in upper two-thirds of scale). Note this distortion 
reading. 


Now rotate ADJUST control counter-clockwise until a "click" is heard (AUTO position). 


Note distortion reading on meter. This should be the same as the one noted in step 
e, with an error no greater than 2 minor divisions on the 0-1 scale. 


Change INPUT switch to 3 V range (set level is now reduced by 10 dB) and note 
distortion reading on meter. This reading should be the same as the one noted in 
step e, with an error no greater than 2 minor divisions on the 0-1 scale. 


Set FREQUENCY pushbuttons to x1000, 100 (100 kHz) and adjust GENERATOR LEVEL controls 
for a 3 V rms reading on meter. 


Release NOISE filter pushbutton and manually adjust SET LEVEL contro] to obtain 
a distortion reading. Note this reading on dB meter scale. 


Rotate ADJUST control counter-clockwise to AUTO position. Note distortion reading 
on dB meter scale. Check that this reading agrees with the one obtained in step j, 
within 1 dB. 


NOTE 


It is normal for the distortion reading to drop when the input signal is reduced 
10 dB below set level mark at 100 kHz. This is because the residual] distortion of the 
analyzer has been greatly reduced with the decrease in input level at 100 kHz. 
(This is a bonus benefit from the Auto Set Level Option.) 


Press VOLTS/POWER pushbutton, change INPUT switch to 1 V, and set oscillator frequency 
torx100,0 10 (le kHz) 


Decrease generator level rapidly until the OVERLOAD indicator is extinguished. Now 
increase generator level very slowly until OVERLOAD indicator just begins to glow. 
(Vary generator level up and down, if necessary, to find the point at which the 
indicator just starts to glow.) 


Change INPUT switch to 3 V position and note meter reading. Meter pointer should 
be between -9.5 and 8.5 on dB scale (106 and 118 on the 0.3 V scale). 


CALIBRATION PROCEDURE 


Center all four trimpots (excluding R6) on Auto Set Level P.C. board and turn power on. 


Set Model 1710A controls as follows: 


ANALYZER SELECT switch ------------------ GENERATOR OUTPUT 
INPUT switch ---------------------------- 100 

SET LEVEL pushbutton -------------------- in 

ADJUST control -------------------------- CAL 

RATIO switch ----------------nnee-------- 0 dB (100%) 
FILTER pushbuttons ---------------------- both out 
FREQUENCY pushbuttons ------------------- x100, _ 

FAST RESPONSE/LOW DISTORTION ------------ FAST RESPONSE 
GENERATOR OFF switch -------------------- in 


Measure dc voltage at (+) terminal of C7 (10 microfarads) with respect to ground 
(-) terminal of C15. Adjust zero trimpot R21 for zero volts dc +1 mV. 


A-2 


Cr Change INPUT switch to 1] V and release GENERATOR OFF switch. Adjust GENERATOR 
LEVEL controls until meter pointer indicates full scale. 


d. Press dB VOLTS pushbutton and note exact position of meter pointer on 0 to 1 scale. 

e. Set ADJUST control to AUTO position, 

ie: Measure dc voltage at normally-closed (NC) contact of relay Kl (as shown in parts 
location diagram) with respect to ground (negative terminal of C15). Adjust zero 


trimpot R20 for zero volts dc + 5 mV. 


g. With INPUT switch in 1V position, adjust F.S. trimpot R7 for the same pointer position 
noted in step d. ; 


h. Change INPUT switch to 3 V and adjust offset trimpot R14 for the same pointer position 
noted in step g. 


Jp Repeat steps g and h until meter pointer rests on the same mark, +0.1% of full scale 
(+ one line width). 


TROUBLESHOOT ING 
The Auto-Set-Level circuit is an 9pen-loop type, so straight-forward signal tracing 
techniques can be used to locate defective parts. The entire circuit block is always 
active, even in the manual mode. 
With full-scale output at the Buffer Amplifier, the Multiplier should have unity 


gain. With .316 of full-scale Buffer output, the Multiplier gain should change to 
32163. 
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DESCRIPTION 

ICc-OP AMP 741 

U2. & 

IC-GP AMP 2665 GRADE 5 
Ui 

IC-MULTIPLIER ADSZ1JID 
Ud 

DIODE-GEN 1IN914A SI 
CRi, 2. 4 
DIODE-GEN ANS14A 
CRS 
RES—-FXRD 2. 
Ris 
RES-FXD 4. 
R4 

RES -EXD! rf. 
RAS 
RES-FAD 16K 16 1-6bl MF 

Ri. 2.3 ‘ 
RESP Abie lcs es MF 

RS 

RES-FRD 24. SK 1% : 
RS 
RES-FRD 
R22 
RES-FKD 26. 
R22 
RES-FRD AM 
Ris 
RES-FPxAp ak 
Ris, 12 
RES-FXD 4. 7K 
RAL 
RES-FHD 
a 
RES-F¥D 27K 
Ra 

RES-FRD 470K 
RAZ 

RES-VAR Zak TRIMNPOT CERMET 
Rv. 14. 26, 21 
RES-VAR 26K 
RS 
CAP-FXD 


GREEN 


wy 


I aad 


32K 14 1-SW MF 


939K 1” 1-8W MF 


172b) MF 


MF 


26. ay steel SY Wales 


AK 12 1/8W MF ga4 


1am 1/8W MF 


- 17°44 


ce 
par 


14 


re 


ASK 174i) 


Sv 


174) 


i 
Tre 


lc 


14h 


TRIMPOT CERMET ga4 


S6PF SH S@ev MICA 

4. a 
CAP=E ED 1g@@PF S% SOG MICA 
ci¢ 
CAP-FRD G6. GLUF 166’ CERAMIC 
Cz, 6. So. Tj S35 2G 


CAP-FRD @. LUF 25 CERAMIC 
c1is.19 

CAP-FRD 1UP 25¥ ELECT AL 
CAs 

Bricmastala: suaeia zee Galioteyp fale 
C7 

CAP-FRD 166UF 25V ELECT AL 
Ci. 2,16 


SOCKET-IC & PIN ROUND 
SOCKET-IC 14 PIN DIP 
RELAY-1 FORM C 

KA 

RELAY-1 FORM C 

K2 

WIRE JUMNPER-@. 4 CTRS.PYC INSUL 
WIRE JUMPER-@. 2 CTRS,PVC INSUL 
WIRE JUMPER-G@. 2 CTRS.PVC INSUL 664 
SCREW 6-32 * 1/4 POZI PAN HD 
LOCKWASHER-EXT #6 

SPACER-THD. 6-22 3SLG K 5/160D 

PC BOARRD-AUTO SET LEVEL OPTOG=s 
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SOUND TECHNOLOGY 


1400 DELL AVENUE 
CAMPBELL, CALIFORNIA 95008 


AUTO SET LEVEL OPTION 


9-31-75 


MODELS 1700B/17108 
Option 003 


DISTORTION MEASUREMENT 
SYSTEM 
WITH AUTOMATIC SET LEVEL 


: $s “BOUND TECHNOLOGY 
eto "3 


~=. NEVER TOUCH 


THIS KNOB AGAIN 


Your system will be even faster and easier to use with automatic set level. 


AUTOMATIC SET LEVEL SIMPLIFIES: 


Distortion vs. Power or Voltage Measurements 
Distortion vs. Frequency Measurements 
IHF Sensitivity Measurements in Tuners 


Distortion at Clipping Measurement in Amplifiers 
Finding the 3% Distortion Level in Tape Recorders 


SOUND TECHNOLOGY 


1400 DELL AVENUE 
CAMPBELL, CALIFORNIA 935008 
(408) 378-6540 


Specifications 


Model 1700B specifications apply with the following additions: 
10 dB. INPUT switch must be set for meter reading in upper 2/3 scale in VOLTS/POWER function. 


Capture Range: 


Harmonic Accuracy: 


Add to 1700B specification 
Fundamental 2nd through 5th 
Frequency Harmonic Accuracy 


10 Hz - 20 kHz .2 dB 
20.1 KHz - 50 kHz .5 dB 
50.1 kHz - 110 kHz 1 dB 


(worst case with 80 kHz filter in) .007% to 20 kHz with the measured signal greater than 0.3 vrms. 
Noise decreases to the standard 1700B specification as input voltage approaches full scale. Automatic 
Set Level can be disabled to reduce noise for high resolution readings. 


All prices f.o.b. Campbell, California — data subject to change without notice. 


APPENDIX A 


USER'S MANUAL 


SOUND TEHCNOLOGY 
MODEL 1710A OPTION 003 
AUTOMATIC LEVEL SET 


SOUND TECHNOLOGY 


~1400 Dell Avenue 


Campbell, CA 95008 
U.S.A. 
(408) 378-6540 
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OPERATING INSTRUCTIONS 


a. Complete normal signal connections to the device under test as described in Section I 
of the Model 1710A User's Manual. 


b. Rotate the ADJUST control fully counter-clockwise, past the CAL position until a "click" 
is heard. This activates the auto set level circuitry. 


e Press the VOLTS/POWER pushbutton and adjust the INPUT range switch so that a voltage 
(or power) reading is obtained with the meter pointer in the upper two-thirds of the 
meter scale. 


NOTE 


Levels less than one-third and much greater than full scale will cause errors 
in distortion readings. 


d. Press THD (distortion) pushbutton and take the distortion reading in the normal manner. 
NOTE 


1. The OVERLOAD indicator will glow whenever the VOLTS/POWER meter is being 
overloaded by more than 10 percent during distortion measurements. This is meant to 
inform the operator to up-range (advance the INPUT switch) while monitoring the 
distortion figure. 


2. It is normal for the residual noise to increase slightly with the Auto Set 
Level circuit in operation. The error in distortion reading due to this figure 
is, in general, insignificant when the distortion figure is 0.02 percent or greater. 


PRINCIPLES OF OPERATION 


The signal input to the Notch Filter (or the variable output of Buffer) is fed to the 
AC to DC Converter (U1, U2). The DC signal out of this converter, which is directly 
proportional to the Notch Filter input signal level, is in turn driving a Voltage to Current 
Converter (U3), which regulates the controlling current to the Multiplier. The Multiplier is 
used as a variable gain amplifier (gain range from 1 to 3.16). Its gain is inversely pro- 
portional to the controlling current and the magnitude of the AC signal to the Notch Filter. 


In the manual distortion-measurement mode, whenever the input signal is below full- 
scale (but more than 1/3 on VOLTS scale), Buffer Amplifier gain has to be increased with 
the use of the ADJUST control to make up for the lower amplitude. In the automatic mode, 
the distortion signal level is increased to exactly the required amount through the Multiplier 
before it goes to the AC meter. The net effect is the same as increasing the Buffer Ampli- 
fier gain, and the distortion readings obtained inthis manner will always be accurate. 


Since the Multiplier is processing signals after the Notch Filter, it is not adding 
distortion to the signal being analyzed. As a matter of fact, this scheme actually reduces 
the residual distortion noticably above 50 kHz when the input signal is significantly below 
full-scale. However, there is some degradation of signal-to-noise ratio whenever the Notch 
Filter is operating with a smaller signal. 

PERFORMANCE CHECK 
a: Connect cable between GENERATOR OUTPUT BALANCED terminals and INPUT BRIDGING terminals. 


b. Set Model 1710A controls as follows: 


INPUT switch -------------------------- TV 
ADJUST control ------------------------ CAL 
VOLTS POWER pushbutton ---------------- in 
FAST RESPONSE/LOW DISTORTION switch --- FAST RESPONSE 
FREQUENCY pushbuttons ----------------- uh 1 kHe 
. 0 
FILTER pushbuttons -------------------- NOISE, 80 kHz in 
GENERATOR OFF switch ------------------ out 
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C. Change INPUT switch to 1 V and release GENERATOR OFF switch. Adjust GENERATOR 
LEVEL controls until meter pointer indicates full scale. 


d. Press dB VOLTS pushbutton and note exact position of meter pointer on 0 to 1 scale. 

e. Set ADJUST control to AUTO position. 

1, Measure dc voltage at normally-closed (NC) contact of relay K1 (as shown in parts 
location diagram) with respect to ground (negative terminal of C15). Adjust zero 


trimpot R20 for zero volts dc + 5 mV. 


g. With INPUT switch in 1V position, adjust F.S. trimpot R7 for the same pointer position 
noted in step d. 


h. Change INPUT switch to 3 V and adjust offset trimpot R14 for the same pointer position 
noted in step g. 


12 Repeat steps g and h until meter pointer rests on the same mark, +0.1% of full scale 
{+ one line width). 


TROUBLESHOOT ING 
The Auto-Set-Level circuit is an gpen-loop type, so straight-forward signal tracing 
techniques can be used to locate defective parts. The entire circuit block is always 
active, even in the manual mode. 
With full-scale output at the Buffer Amplifier, the Multiplier should have unity 


gain. With .316 of full-scale Buffer output, the Multiplier gain should change to 
3.16. 
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PART NO DESCRIPTION QT’ 
@190-96601 IC-GP AMP 741 2.04 
U2. 3S 
6160-9614 IC-GP AMP 2665 GRADE S GREEN 1.G 
UL 
9166-9015 IC-MULTIPLIER ADS=Z1JID 1.6 
U4 
G266-Q606 DIODE-GEN 1N914A SI 3.6 
CRA, 2,4 
4266-6606 DIODE-GEN 1HS14A SI aad 1. a 
CRS 
1615-1222 RES-FHxD 2. 32K 1% 1°3W MF 2 Bt) 
Ris 
19615-1499 RES-FAD 4. 39K 1% 1/CW MF 1.6 
R4 
1615-1715 RES-FAD 7. 15K 1% 1°CW MF 1.4 
Ris 
1615-2166 RES-FAD 16K 1% 1/8b1 MF ZS 
Ri. Zz 
1615-2133 RES-FXD 13. 3K 1% 1/3W MF 1.6 
RS 
1615-2243 RES-FKD 24. SK 1% 176th MF at (3 
RS 
1615-2261 RES-FHD 26. 41K 1% 1/8W MF 1. a 
RZz 
1615-2261 RES-FRD 26.1K 1” 1/°8W MF aa4 1.@ 
: R22 
1615-41960 RES-FKD 1M 1% 41/6W MF A Beet) 
Riz 
1106-1158 RES-FHXD AK SH 14) 2. @ 
R1g. 12 
1166-1476 RES-FAD 4. 7K SH 1/74) 1.6 
Rid 
1166-2156 RES-FHKD 15K Sz 1-4 1.6 
R16 
11966-2270 RES-FMD 27K Sx 1-4 1. @ 
R2 
1169-2470 RES-FXD 479K Sz 174u eel 
Riz 
1419-96007 RES-VAR 26K TRIMNPGOT CERMET 4.6 
Rv. 14, 20, 24 
1416-667 RES-VAR 26K TRIMPGT CERMET G4 1a 
RS 
2696-6656 CAP-FXRD S6PF 5% S@GV MICA .B 
4 3 
2606-0160 EARL EXD 16GPF SH Seo’ MICA 1.4 
cid 
2646-G000 CAP-FRD G. GIUF 166” CERAMIC 7. G 
Cz, 6, 2g. ato ba Bin 26 
2646-90402 CAP-FRD @. 1UF 25 CERAMIC 2.G 
cig. 13 
2166-6601 CAP-FRD AUF 25 ELECT AL at. (4 
cis 
2166-9642 CAP-FHRD 1GUF 257 ELECT AL 1.8 
ea 
2106-0006 CAP-FXD 1@6UF 257 ELECT AL 3.0 
C41, 2.16 
3165-8686 SOCKET-IC @ PIth ROUND 3.0 
2165-6661 SGCKET-IC 14 PIN DIP 1. a 
3460-6661 RELAY—1 FORM C 1.4 
KA . 
3499-9991 RELAY-i FORM C 904 1.6 
K2 
7266-66068 WIRE JUMPER-@. 4 CTRS.PYC IHSUL 1.0 
72066-G6G61. WIRE JUMPER-@. 2 CTRS. PVC INSUL 1.9 
7206-6661. WIRE JUMPER-G. 2 CTRS.PVC INSUL 664 1.64 
8546-6064 SCREW 6-32 K 174 POZI PAN HD 2.G 
8542-6601 LOCKWASHER-EXT #6 2. @ 
8762-86602 SPACER-THD. 6-22 3°S8LG * 5/160D 2. 
61766-5016 PC SGARD-AUTG SET LEVEL OPT@G= La 
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